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ALEXANDER NIKOLAYEVICH NESMEYANOV 


(On his 50th Rirthday) 


L. G. Makarova and A. E. Rorisov 


September 9, 1949 marks the 50th birthday of the eminent Soviet chemist, 
Academician Alexander Nikolayevich Nesmayanov, the author of classical works in 
the field of element-organic compounds and the founder of an extensive chemical 
school. A great scientist, paving new roads in science, a remarkable educator 
and trainer of the new generation, A.N.Nesmeyanov is also an outstanding organizer 
and a civic leader. 


A.N.Nesmeyanov was born on September 9 (August 28), 1899 in Moscow, the son 
of N.V.Nesmeyanov, a school teacher. After completing the Strakhov gymnasium in 
Moscow in 1917, he matriculated in the physical-mathematical faculty of the first 
Moscow State University, graduating in 1932. While still a student, Alexander 
Nikolayevich attracted the attention of N.D.Zelinsky by his profound erudition 
and independent thinking, and at the latter's suggestion he was appointed to a 
fellowship by the university and engaged as research worker in the laboratory of 


organic and analytical chemistry, directed at that time by Zelinsky. In:Zelinsky's 


laboratory Alexander Nikolayevich commenced his research on the esters of com- 
plex acids, which subsequently resulted in his discovery of the diazo method of 
synthesizing metallo-organic compounds. In 1924, Alexander Nikolayevich began 
his pedagogical career as an assistant to N.D.Zelinsky's chair, directing the 
studerts' laboratory training in qualitative analysis; later, he was in charge of 
their laboratory work in organic chemistry. From the very start of his teaching 
career, A.N.Nesmeyanov displayed his superior pedagogical talents. 


Alexander Nikolayevich was soon appointed an instructor, and in 1935 he won 
his doctorate in chemical sciences and was named a professor. He was appointed 


a professor of the faculty of chemistry of Moscow State University that same 
year. 


Parallel with his work at the university, Alexander Nikolayevich organized a 
laboratory of organic chemistry in the Institute of Insectofungicides, where he 
and his associates carried out much research on the diazo synthesis of metallo- 
organic compounds and on organofluoric compounds, and proposed a number of valu- 
able practical agents to combat plant pests. Alexander Nikolayevich directed 
this laboratory until 1935, when he was asked to organize a laboratory of metallo- 
organic compounds in the newly established Institute of Organic Chemistry of the 
USSR Academy of Sciences in Moscow; he has been the director of this laboratory 
down to the present time. In this laboratory the chemistry of quasicoordination 
compounds has been elaborated, and research has been done on the synthesis of 
metallo-organic compounds, the decomposition of such compounds, and a whole series 
of extremely valuable other research projects. 


In 1938 Alexander Nikolayevich was appointed to the chair of organic chemis- 
try of the Institute of Precise Chemical Technology, where he also carried on con- 
siderable research work. He occupied this chair until his evacuation to Kazan 
with the Institute of Organic Chemistry of the Academy of Sciences during the war, 
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in July, 1942. 


In 1939 Alexander Nikolayevich was elected a corresponding member of the USSR 
Academy of Sciences as well as Director of the Institute of Organic Chemistry. 
He stiil is the director of this institute. 


During the war the Institute of Organic Chemistry of the Academy of Sciences 
and the labcratories supervised by Alexander Nikolayevich did work of especial 
practical importance. Recognition of Alexander Nikolayevich's scientific services 
resulted in his election to full. membership in the USSR Academy of Sciences in 
1943. In 1944 Alexander Nikolayevich occupied the chair of organic chemistry in 
the faculty of chemistry of Moscow State University, where he now lectures in the 
basic course on organic chemistry and supervises the work done for their theses 
by students and the reseerch work of the fellows, assistants, and instructors 
attached to the chair. A brilliant lecturer, Alexander Nikolayevich has the 
knack of combining scientific rigor with simplicity and charm. His lec- 
tures always attract a large audience, not only of second- and third-year stu- 
Gents, for whom they are planned, but of fellows, instructors, and research work- 
ers as well. 


In 1945 Alexander Nikolayevich was named dean of the chemistry faculty of 
Moscow State University and immediately went to work on the re-establishment of 
scientific research in the faculty. In Autumn 1945, Alexander Nikolayevich was 
sent to Paris as a delegate to the congress of the French Association for the 
Advancement, of Science. During his stay of a month, he took the opportunity of 
acquainting himself with the educational setup and the organization of scientific 
research in the Paris instituticns of higher learning and research institutes. 


In 1946 Alexander Nikolayevich was elected Academician-Secretary of the 
Division of Chemical Sciences and a member of the Presidium of the Academy of 
Sciences. In 194%: he had been named a member of the Stalin Prize Committee for 
Science and Inventions attached to the Council of Ministers of the USSR and vice- 
chairman of its chemistcy section, and in 1946 he was appointed chairman of the 
Stalin Prize Committee. In the summer of 1947, Alexander Nikolayevich took part 
in the International Chemistry Congress in London. 


His outstanding talents as an organizer advanced A.N.Nesmeyanov in 1947 to 
the post of rector of the oldest university in Russia, the M.V.Lomonosov Moscow 
State University. In the spring of 1948 Alexander Nikolayevich headed tle Soviet 
delegation at the celebration of the 600th anniversary of the Charles University 
in Prague, and in the autumn of the same year he was commissioned to go to Krakow 
to atrend the jubilee of the Polish Academy of Sciences. In 199 he was elected 
an honorary member of the Polish Chemical Society. 


Alexander Nikolayevich is a member of the editorial boards cf a number of 
pericdicals: The Journal of General Chemistry, Izvestia of the Academy of Sciences. 
and the Moscow Unive-sity Herald. During the war, the publishing house of the 
USSR Academy cf Sciences began publication, under the joint editorship of A.N. 
Necmeyanoy and K.A.Kochesnkor, of a series of monographs: Synthetic Methods in 
the Field cf Metallo-Organic Compounds, in which world research and experiment 
in this fteid and the research work of the laboratories headed by Nesmeyanov and 
Kechesnkov werse brought together. 


In addition to the tremendous load he carries in Moscow State University 
and the iSSR Academy of Sciences, Alexander Nikolayevich is engaged in much gov- 
ermmental work: he is a vice-chairman of the Supreme Soviet of the RSFSR and a 
deputy to the Supreme Soviet of the RSFSR representing the Kemerovo Region. 


A.N.Nesmeyanoy's outstanding achievements have received high recognition froz. 
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the government; he has been awarded the Order of Lenin twice: in 1944 for his suc- 
cess in training personnel, and in 1945 on the occasion of the 220th Anniversary 
of the Academy of Sciences. He has also been decorated with the Medal "For Valiant 
Work During the Great Patriotic War'' and the Medal "In Commemoration of Moscow's 
600th Anniversary." Alexander Nikolayevich is a winner of the Stalin Prize, First 
Class. 


In view of the impossibility of describing the scientific activity of A.N. 
Nesmeyanov in any detail in so short a review, we shall confine ourseives to a 
brief summary of his most important fields of research. 


Alexander Nikolayevich's scientific work has been done on the chemistry of 
metallo-organic compounds. Notwithstanding the fact that the chemistry of metallo- 
organic compounds has a glorious history of one hundred years, and that so many 
fruitful syntheses of metallo-organic compounds were introduced into organic 
chemistry 50 to 70 years ago, it was only at the time of World War I that individual 
representatives of the metallo-organic compounds found practical application, though 
only of accidental nature. Systematic, extensive application and study of the 
metallo-organic compounds had been retarded by the absence of convenient end uni- 
versal methods of synthesizing them. Often the simplest reactions were unstudied, 
the simplest types of substances were inaccessible owing to the impossibility of 
their synthesis. 


Elaborating methods of synthesis was the most urgent problem of the chemistry 
of metallo-organic compounds. That is why Alexander Nikolayevich's creation in 
1929 of the diazo method of synthesizing these compounds, first developed by him 
for the organo-mercuric compounds, which are the keys to the metallo-organic com- 
pounds, was an important contribution to science. The organic compounds of many 
elements in the Periodic Table were first prepared via the organomercuric com- 
pounds, and many of them are still so synthesized. In 1928 Alexander Nikolayevich 
investigated the mechanism of the decomposition of double salts of phenyldiazonium 
iodide and mercuric iodide [1]. Turning to a study of the decomposition of double 
salts of an aryldiazonium chloride and corrosive sublimate, Alexander Nikolayevich 
discovered a new, convenient, and universal method for the synthesis of aromatic 
organomercuric compounds, which by now has become a classic -- the diazo method of 
synthesizing organomercuric compounds. This method involves the following: the 
decomposition of a double salt of an aryldiazonium chloride and mercuric chloride 
by copper powder in acetone, ethyl acetate, or alcohol yields an organo-mercuric 
salt: ArNoCl°HgClo + 2Cu — > ArHgCl + 2CuCl + No. Changing the conditions 
Slightly, namely, performing the reaction with an excess of copper and adding 
aqueous ammonia, leads directly to the synthesis of fully substituted organomerc- 
uric compounds: 

+ 6Cu + 6nNHy —> AroHg + 6CuCl + [3]. 


The diazo method makes it possible to combine examples of the most varied classes 
of aromatic organic compounds with mercury [4], including those with negative 
substituents in the ring [5]. The method was also applied to heterocyclic com- 
pounds [6]. A variant of the diazo method of synthesizing organomercuric com- 
pounds was developed, consisting of the decomposition of mercury arylazocarboxyl- 
ates, [7]. At the present time the method of double diazonium salts is the best 
method for synthesizing individual aromatic compounds of mercury, since, starting 
with easily available substances (amines), it gives a high yield, is extraordin- 
arily simple in operation, enables the synthesis of compounds with various sub- 
stituents, and produces a pure compound, free from isomers. At the present time 
this method has won wide acceptance, being preferred to other methods of synthes- 
izing aromatic organomercuric compaunds. 
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The feasibility of synthesizing various groups of organo-mercuric compounds, 
opened up by the diazo method, made it possible to employ these compounds to syn- 
thesize and study previously unknown types of aromatic compounds of zinc [8], 
tin [9], and aluminum [10] with ring substituents. The diazo method was soon ex- 
tended by A.N.Nesmeyanov, at times in collaboration with K.A.Kocheshkov, to the 
synthesis of organic. compounds of other metals as well: tin [11], antimony [12], 
and lead [13]. The diazo method of synthesis developed by Alexander Nikolayevich 
was employed by Soviet and foreign authors to synthesize organic compounds of 
bismuth [14] and copper [15]. Amit is beyond doubt that the possible applications 
of the method of double diazonium salts are far from exhausted. Research on the 
diazo method stimulated research by other authors, alongside the research work 
of Alexander Nikolayevich [16], devoted to ascertaining the mechanism of this re- 
action. 


Developing his research on the diazo method and with a view to clearing up 
its mechanism, Alexander Nikolayevich has recently engaged in a study of the de- 
composition of the onium salts in general. It was shown that the homolytic de- 
composition of diazonium and iodonium salts known in the literature was not the 
only possible kind, but that, by selecting the proper anion of the salts of 
onium bases, it was possible to effect the heterolytic decomposition of these 
salts, forming a positively charged aryl radical. The decomposition of a hydro- 
fluoboric onium salt is of this latter type [17]. The orientation of the aryl 
group that enters the benzene ring, containing Class I or II orienting groups 
(or that enters the pyridine ring) is an indication of one type of decomposition 
or the other and of the shift of the aryl group. Whereas a neutral aryl group 
enters at the ortho or para position with any orienting group (Class I or II) 

(or at the a,B-position in pyridine), a positively charged aryl group enters at 
the meta position in the benzene ring that contains a meta orienting group (nitro- 
benzene, ethyl benzoate, phenyltrimethylammonium borofluoride, and benzotrifluor- 
ide), is subject to the usual orientation in the benzene ring produced by a 

Class II orienting group, and is attached at the free pair of electrons to pyrid- 
ine's nitrogen (as well as to the nitrogen of trimethylamine, the phosphorous of 
triphenylphosphine, the arsenic in triphenylarsine, etc.). 


Elucidation of the mechanism of the decomposition of onium compounds makes 
it possible to control syntheses (especially of metallo-organic compounds) by 
means of these compounds and expleins the tautomeric shift of the diazonium form 
to the diazo form under the influence of carriers of free electron pairs: the 
hydroxyl ion, amines and the cyanogen ion. The decomposition of diphenyliodonium 
borofluoride may be employed as a method of arylation. 


Thus, the significance of the diazo method of synthesizing metallo-organic 
compounds discovered by A.N.Nesmeyanov is not confined to an excellent method of 
synthesizing the organic compounds of mercury, tin, antimony, lead, bismuth and 
copper (as well as of various organic compounds of other metals, using these 
metallo-organic compounds as intermediates); this discovery gave rise to a large 
number of research projects, which in turn provided chemistry with new methods 
of synthesis and enriched the science with new concepts. 


Paralled to his work on the diazo method, Alexander Nikolayevich elaborated 
a number of other synthesis methods in the field of element-organic compounds: 
he set forth a new and original method for synthesizing organomercuric compounds 
by the arylation of mercuric oxide by iodine compounds [18]. A new method of 
synthesizing organostannic compounds by reducing organomercuric compounds with 
salts of bivalent tin. was developed by A.N.Nesemyanov in collaboration with K.A. 
Kocheshkov [19]. Research was done on the arylation of corrosive sublimate and 
mercuric oxide by aromatic compounds of tin, lead, arsenic, and antimony [20]}} 


|, 


resulting in the discovery of a new method of synthesizing asymmetrical organomerc- 
uric compounds [22]. 


Long before the broad development of the chemistry of organofluoric compounds, 
Alexander Nikolayevich developed a new and highly valuable method for synthesizing 
the acid fluorides of carboxylic acids, involving the reaction of a carboxylic 
acid with potassium fluoride in the presence of the acid chloride {22}; this 
yielded formyl fluoride - the only acid halide of formic acid synthesized up to 
the present time. A.N.Nesmeyanov and K.A.Kocheshkov evolved an criginal method 
for the synthesis of tungsten and molybdenum carbonyls by the action of carbon 
monoxide in the presence of zinc dust [23]. They did research on the reaction of 
nitrogen oxide and trioxide with metallo-organic compounds, a reaction that is the 
inverse of the diazo method of synthesizing metallo-organic compounds [24]. 


A broad field in which detailed research has been done by A.N.Nesmeyanov and 
his pupils is the quite singular chemistry of the addition products of metallic 
salts and unssturated:compounds, such as acetylene and ethylene and their deriv- 
atives and carbon monoxide. What is remarkable about these substances is the 
fact that in their chemical reactions they exhibit a striking dual behavior, re- 
sembling the dual reactions of tautomeric compounds. At times they react as 
true metallo-organic compounds, formed by the addition of a metallic salt to the 
multiple bond of an unsaturated molecule, but at other times they énter into re- 
action as complex addition compounds of metallic salts and the unsaturated com- 
pound. Such compounds were accordingly called quasicomplex compounds by Alexander 
Nikolayevich. For a long time the question of the structure of addition products 
of mercury and the olefins remained unsettled and was the subject of prolonged 
discussion between the adherents of their truly metallo-organic nature and the 
champions of their coordination structure. In his fundamental research Nesmeyanov 
demonstrated the structure of these compounds and of addition products of metallic 
salts with triple bonds, providing a unified explanation of the reasons for their 
quasicomplex properties. Both the literature data and Alexander Nikolayevich's 
own research [25] on the synthesis and the study of the reactivity of the addition 
products of mercury salts and various derivatives of ethylene served as experi- 
mental bases for the proof of the structure of addition products of metallic salts 
and the olefins. Alexander Nikolayevich devoted an entire research cycle to a 
study of the addition products of metallic salts and acetylene. Detailed inves- 
tigations demonstrated that the addition products of mercury salts [26], and of 
the salts of tin [27], antimony [28], thallium [29], lead [30], and iodine [3,1] 
with acetylene, which Alexander Nikolayevich and his associates were the first 
to synthesize, clearly exhibit the dual behavior that is characteristic of quasi- 
complex compounds. Alexander Nikolayevich was the first tosucceed in isolating 
stable trans and cis isomers of all these compounds. In a series of exquisite 
investigations he effected the transfer of the vinyl chloride group from one metal 
atom to another and faultlessly proved that this transfer takes place without 
changing the geometrical configuration of the radical [32]. This conversion of 
the trans isomer into the cis isomer, accomplished for vinyl chloride derivatives 
of mercury and tin takes place only under ultraviolet irradiation [33] and under 
the action of peroxides [34].° The existence of stable trans and cis isomers does 
not permit us to ascribe the duality of reaction of these compounds to tautomerism 
or to the existence of a labile equilibrium of the addition compound with its dis- 
sociation products, but compels us to assign a single structure formula to each. 
of these substances. His profound knowledge of the properties of quasicomplex 
compounds led Alexander Nikolayevich to the conclusion that the singular proper- 
ties of these compounds — the ease with which acetylene and the olefin are elimin- 
ated, resembling the ionic atate of a metal and the anion portion of an addition 
compound — are due to conjugated single bonds, as expressed by formulas of this 
type: 
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He explained the properties of the recently synthesized acetaldehydemercury chlor- 
ide as also due to conjugation of both single and double bonds:[36¢]. - Alexander 
Nikolayevich cited arguments to show that the conjugation of single bonds and 

of single and double bonds is the result of polarizability {37]. He extended the 
concept of the transfer of the reactive center of the molecule as the result of 
conjugation, which wes based upon study of the properties of quasicomplex com- 
pounds, to elucidating the dual nature of the reactions of metallic derivatives | 
of keto-enols, lactim-lactams, and similar compounds, and — more broadly — to the 
general case of transferring the reactivity of the key atoms from one molecule 

to another. ‘The explanation of the dual reactivity of metallic derivatives of 
tautomeric prototropic systems, which is based upon investigation of the reac- 
tions of C-metallic derivatives of oxo compounds, has now been founded by Alex- 
ander Nikolayevich upon the example of their O-metallic derivatives [38]. 


Endeavoring, like the classics of the chemistry of metallo-organic compounds, 
to extend the laws discovered in studying these compounds to organic chemistry 
as a whole, A.N.Nesmeyanov expressed the opinion (which has been successfully 
corroborated by a wide research program that has now been set up) that conjugated 
single bonds exist throughout organic chemistry. 
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PHYSICO-CHEMICAL INVESTIGATION OF CONCENTRATED SOLUTIONS 


X.. THE NaBr-AlBr, AND KBr-AlBr, SYSTEMS IN THE MOLTEN STATE 


E. Y¥. Gorenbein and E. E. Kriss 


In our previous reports on our research into the conductivity, viscosity, 
and specific gravity of scme molten systems of metal halides with AlBrg [1], 
we showed that when allowance is made for the viscosity, the curves of molar 
conductivity have an anomalous shape, and that the highest corrected molar con- 
ductivity is the conductance of the compounds that are formed in the given sys- 
tem. For example, in the SbBr3 — AlBrs system the highest corrected conduct- 
ivity is that of the coordination compound SbBr3° AlBrg, in the ZnBr2 — AlBrs 
system that of the coordination compound ZnBra*AlsoBre, and in the HgBro — AlBrs 
system that of the coordination compound HgBro°AloBre. 


Our research on the NH,Br ~ AlBrs system [2] showed that molar conduct- 
ivity changes but very little with dilution, the curves of the corrected molar 
conductivity at different temperatures not being superimposed on one another, 
as is the case in other systems. 


Naturally, it was of interest to examine how the corrected molar con- 
ductivity would change with dilution in analogous systems at different temper- 
atures. To find out, we investigated the conductivity, viscosity, and specific 
gravity of the NaBr — AlBrs and KBr — AlBrs systems at various concentrations 
and temperatures. 


Initial Substances and Research Methods 
Aluminum bromide was prepared as described in our previous reports, [1]. 


The sodium bromide was recrystallized several times, then dried, calcined, 
and stored in sealed ampoules. 


The potassium bromide was repeatedly recrystallized, carefully dried, and 
then kept in a box in an exsiccator over Pa0.s. 


The preparation of the solutions and the technique of measurement have 
been described in detail in a paper by one of the present authors [3]. 


We used a U-tube with well-ground stoppers, fitted with platinum electrodes, 
in measuring the conductivity. The electrodes were not platinized. The cons- 
tants of the vessels we used ranged from 30 to 65; they were determined by means 
of an 0,1N solution of KCl. Operation of this type of container has been described 
in detail by Walden [4]. 


NaBr — AlBra System 


The existence of two coordination compounds: NaBr*AlsBre and NaBr°AlBr, [s]) 
in the NaBr — AlBr, system was established by means of thermal analysis. Both 


ahs 


‘ TABLE 3 
NaBr — AlBrs System at t = 140° 


10 11 13 15 16 
Fig. 1 


The viscosity of pure AlBrs is given in the preceding paper [6]. 


The curves of Fig. 1 illustrate the variation of the specific conduct- 
ivity of the NaBr — AlBrs system with the concentration of NaBr and with the 
temperature. 


As is seen in the figure, the specific conductivity rises with rising 
temperature and concentration in the concentration range investigated by us. 


Figure 2 shows the variation of the corrected and the uncorrected molar 
conductivity with dilution, the figures to the right of the axis of ordinates 
refer to the corrected molar conductivity. 


As the curves of Fig. 2 indicate, the molar conductivity drops but little 
with increasing dilution, and when the viscosity corrections are introduced, 
the curves take on a clearly anomalous form, i.e., the corrected molar conduct- 
ivity continues to fall, beginning with the individual molten electrolyte 
NaBr~ AlsBre. 


11.15 45.68 334.8 15.29 88.2 9.29 2.756 
12.10 50.00 307.3 15.36 92.5 9.69 2.767 
. 14.41 64.14 252.8 16.21 100.1 9.94 2.787 
; 15.29 68.67 241.35 16.56 105.4 10.25° 2.792 
16.17 77.83 227.5 17.70 113.5 10.33 2.797 | 
The with an asterisk was found by interpolation. 
105 110 
100 
95 60" 
90 
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Fig. 2 


The curves of Fig. 3 show the. variation of the viscosity of the NaBr — 
AlBr3 system over the . same renge of concentrations and temperatures. 


As the curves of Fig. 3 indicate, the viscosity rises with the increase 
in the concentration of NaBr, but drops as the temperature rises, the tempera- 
ture coefficient of viscosity dropping considerably as the temperature is 
increased. 


KBr — AlBrs System 


The electrical conductivity of the KBr — AlBrs system was investigated 
by V.A.Izbekov and V.A.Plotnikov [7] at the temperature of 99.5°, and the vis- 
cosity by E.¥.Gorenbein [©] at the temperature of 100°. 


We investigated this systemover the same concentration range as in the 
NaBr — AlBrs system, and were guided by the same considerations. It should be 
noted that thermal analysis indicates that the components of the KBr-AlBr3 
system form two compounds, KBr-AloBrg and KBr*AlBrs [5]. 


The highest concentration of components 
in this system examined by us corresponds to 
the formula KBr-°AlsBrg. 


The results of measurement at 4 tempera- 
tures are listed in Tables 4-7 and are shown 
graphically for the entire temperature range 
investigated (110-170°). The tables are set 
up as those for the NaBr — AlBrs system. 


The curves of Fig. 4 illustrate the 
variation of the viscosity of the KBr — AlBrs 
system with the concentration of KBr and with 
temperature. In this case, as in the preced- 
ing system, the viscosity rises with increas- 
ing KBr concentration and falls with rising 
temperature, the drop in viscosity becoming 
less rapid as the temperature increases. 


011 12 13 14 18 16 17 
Nabr 


Fig. 5 shows the variation of the Fig. 3 
specific conductivity with the KBr concentra- 
tion. As is seen in the figure, the specific 
conductivity rises continuously with increasing KBr concentration and rising 
temperature. 


TABLE 4 
KBr — AlBrs System at t = 110° 


Figures marked with an asterisk were found by interpolation, 


-10* 
: 
15 120 
13 
11 
7 P 
6 
5 
| 
12.00 23.351 355.5 8.29 60.6 15.84 2.790 
13.76 26.87 308 .4 8.29 68.1 17.82 2.80 * 
15.28 30.09 277.2 8.34 72.9 18.96 2.810° 
16.85 33.08 250.9 8.30 73.5 19.19 2.815 . 
18.235 36.03 231.5 8.3% 77-3 20.10 ° 2.818 
| 
a 454 
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Fig. 4 Fig. 5 


The curves of Fig. 6 show the variation of the corrected and uncorrected 
molar conductivity with dilution. Here, as in the NaBr-AlBrg system, the 
molar conductivity slowly falls with dilution at the concentrations given in 


the table and rises with rising temperature. When the viscosity corrections 
are introduced, i.e., when the.molar conductivity is based on the viscosity 


of the pure solvent, it takes on a clearly anomalous character — dropping 
noticeably with dilution. 
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27.81 


12.55 29.03 341.2 9.91 13.30 : 
13.76 32.2h 310.2 9.97 72.2 14.09 2.788 * 
15.28 ~ ~ 14.97 2.794 
16.85 39.82 252.2 10.04 78.4 15.20 2.804 
18.235 43.15 232.9 10.05 81.2 15.73 2.802 


* The figure marked with an asterisk was found e interpolation. 
TABLE 


AlBrs system at t = 130° 


The figure marked with an asterisk was found by interpolation. 
TABLE 7 


KBr — AlBrs system at t = 140° 


The fact that the isotherms of corrected conductivity do not lie close 
together in these two systems or in the NH4Br — AlBrs system, but are spaced 
at considerable distances is worthy of note; it leads one to suppose that these 
systems are not binary and that their molar conductivity is a more complex 


function of the viscosity than that of inverse proportionality (for constant 
electrolytic dissociation, of course). 


In our preceding investigations it was shown that the variation of correct- 
ed molar conductivity with dilution is satisfactorily expressed by the follow- 
ing equation for high concentrations, where the anomalies are found in the 
curves of the 14- 9 curves: 


Vo 


x 


TABLE 5 
KBr — AlBrs System at t = 120° . 
- | | 557.6 | 9.9% | 64.5 | 12.65 | 2.774 
b by weight 
12.00 32.43 359.8 11.67 69.5 10.49 2.757 
12.55 54.53 343.1 11.85 73.1 10.87 2.764 
13.76 37.82 312.0 11.80 78.8 11.76 2.772 ° 
15.28 42.81 280.3 12.00 83.5 12.26 2.779 . 
16.85 47.35 253.6 12.01 84.3 12.37 2.785 
18.235 51.38 234.0 12.02 88.2 12.93 2.789 
4 by weight | x-10° n*102 dy 
12.00 37.85 361.9 13.70 73.6 8,65 2.741 
12.55 ~ ~ 9.06 2.749 
| 13.76 43.89 313.9 13.78 83.4 9.74 2.755 
15.28 49.28 281.8 13.89 87.5 10.14 2.764 
16.85 54.59 254.9 13.91 90.7 10.50 2.771 
18.235 60.09 235.2 14.13 95.0 10.82 2.775 ; 
a 456 


where: is the corrected molar conductivity of the individual electro- 
lyte in the liquid state; 


Vo is the volume of a mole of this electrolyte, in liters; 
Vis the dilution, in liters; 
Hy, is the corrected molar conductivity for the given dilution; 


j k isa constant. 


To check this function, we plotted the graph of Le ee for both 


systems at the same temperature of 120°. vy Vv was plotted along the abs- 
cissas axis, and }, on the ordinates axis. ° 


The numerical values of this function are listed in Tables 8 and 9. 


TABLE 8 TABLE 9 . 
NaBr — AlBra System at t = 120° KBr — AlBrs System at t = 120° 


NaBr KBr 
% by weight 


As is shown by the curves of Fig. 7, as the dilution is increased, 
the corrected molar conductivity drops linearly, in full agreement with the 
foregoing equation. 


The effect of dilution and temp- 
erature upon the product u°*n yields 
the same result, as a rule, for strong 
electrolytes, but when we examine the 
effect of these same factors upon the 
corrected molar conductivity, i.e., 
the conductivity based upon the vis- 
cosity of the pure solvent, this effect 
is not always the same. Whereas u°n 
drops with rising temperature, H;, on 
the contrary, increases. We must make 
allowance here for change in the molec- ae e 
ular state of the dielectric — the sol- 
vent — with rising temperature. AlBrs at 120°. 


This question is till moot owing to the absence of the necessary data on 
this relationship. Our explanation for the drop in the corrected molar con- 
ductivity is the same as was the case in our preceding reports [1,2,3,9], namely, 
that the condition of the electrolyte in the solution grows worse as dilution 
increases, i.e., the process of disintegration of the structural groups con- 
tinues, with a shift to neutral ion pairs, which results in the anomalous form 
of the curves. 


V-Vo 
ight _ Vo 
11.15 78.6 1.424 12.00 64.5 1.497 
12.10 81.€ 1.143 12.55 67.7 1.363 
5 13.18 88.6 0.836 13.76 72.2 1.070 
4.41 93.3 O.44h 16.85 78.4 0.329 
15.29 98.9 0.257 18.235 81.2 
16.17 102.3 0 
| a 457 
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The fact that the conductivity of 
NaBr solutions in aluminum bromide as py 
the solvent is much higher than that of 
KBr under the same conditions, which 


©. 

agrees completely with the increase in , a? 
the atomic weight of the elements (Na # 
and K), is quite interesting. This is a in 
illustrated in the curves of Fig. 8, in 10420 eee ey 
which there is plotted the variation of 
the corrected and uncorrected molar con- ; 0 250 300 rT) 
ductivity with dilution for both the Lf 
NaBr — AlBrs and the KBr — AlBrg systems 
at 120°. Fig. NaBr-AlBr3 at 120° 


Ty at 120°. 


11 12 13 16 «17 2 IS 16 77 19 


% Na br Wt K8r 


Fig. 9. Fig. 10. 


Specific Gravity 


The specific gravity of solutions of NaBr and KEr in AlBrs as the solvent 
was determined as has been described in our preceding reports [2]. 


The results of measurement are listed in the last columns of Tables l - 7 
and are shown graphically in Figs. 9 and 10, where the percentages by weight of 
the sodium and potassium bromide, respectively, are plotted on the abscissas' 
axis, and the specific gravity is plotted on the ordinates'axis. The curves of 
Fig. 9 show the specific gravity as a function of temperature and of the NaBr 
concentration for the NaBr — AlBr= system, the same function being shown in 


dé 
dg. Le 
10 
282 2.80 120° 
28 130 279 130° 
280 
278 
2.78 150 2.76 150° 
10 173 70° 
2% 212 
273 
2.72 270 
| 2.71 289 
| | 
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Fig. 10 for the KBr — AlBrs system. 
: As is seen in the curves of Figs. 9 and 10, the specific gravity rises 
with increasing concentration of NeBr or KBr, but drops with rising temperature. 
SUMMARY 


1. The viscosity, conductivity, and specific gravity of NaBr — AlBrs and 
KBr — AlBr3 systems in the molten state were investigated at various concentra- 
tions and temperatures. 


2. It was found that the corrected molar conductivity of these systems . 
is anomalous, its variation with dilution being satisfactorily expressed by the 
equation: 


Hy = Ho k Vo bd 


3. It was found that the conductivity of solutions of NaBr in aluminum 
bromide as a solvent is much higher than that of KBr. 
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The material in the literature on a 
the component binary systems KoCro0; — 24 
H20 and KBr — is inadequate. The p?? 
"composition — property (temperature) " 316 
diagram is plotted in fig. 1 for these S42 
binary systems to compare the individ- 
ual solubilities of these salts. Most & 
of the literature data on the KoCra07 + 
system has been taken from 0 
Karyakin [2], and:for the KBr — Hs0 -4 
from Mensser [3]. 


THE POLYTHERM OF THE K2Cry 0, — KBr— H,0 TERNARY SYSTEM 


P. S. RBogoyavlensky 


Lvov Veterinary Institute, Chair of Inorganic ‘Chemistry 


In our research on the KsCro07 — KNOg — KCl — Ho0 quaternary system [1] . 
we established the appreciable drop of the individual solubility of the potas- 
sium bichromate in ternary and quaternary solutions of the foregoing system at 
low temperatures and at the optimum temperature. Potassium chloride possesses 
a particularly marked salting-out action upon potassium bichromate, the indi- 
vidual solubility of the potassium chloride being only negligibly lowered by 
the action of the potassium bichromate. 


To compare the joint solubility of the salts in simple ternary aqueous 
systems that contain potassium as the common ion and potassium bichromate as 
the general component, we undertook an investigation of-equilibria in the 
KoCr207 — KBr H20 systen. 

As far as we have been able to establish from the literature, the 
KoCro07 — KBr ~ H20 system has not 
been fully investigated. We obtained ah 
the solubility polytherm of this sys- “igh 
tem in the temperature range from 40° ve, 
to complete solidification. de 


Experimental checks of the points ~-% 
on the curves of these binary systems by Wee 
that were needed for our research indi- 
cated satisfactory agreement with the 
literature. All the data obtained by Fig. 1 
us for the first time for the foregoing 
systems fall on the crystallization lines for ice and the salts. 


According to Koppel and Blumenthal [4], the crychydric point of the 
K2Cra20;7 —- H20 system's curve is located at -0.6° and corresponds to 4.3% 


| 

4 

4 
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of KoCro0,;. The cryohydric point of the curve of the KBr — H20 system, as 
determined by Mensser [3], is at -1.15° and 31.2% of KBr. 


The experimental data for the polytherm of KsCro07 — KBr — H20 in the 
temperature range up to 20° were obtained by the visual-polythermal method. 
The joint solubility of the salts at 20, 30, and 40° were determined isotherm- 
ally, in the usual water thermostat, with an accuracy of +0.1°. The estab- 
lishment of equilibrium was checked by analysis of samples of the liquid 
phase, taken every 2 hours. Equilibrium was usually established after 10-12 
hours of continuous stirring. In the isothermal tests, the quantity of Br' 
and €rs07'' was determined by chemical analysis. These determinations served 
in the calculations to establish the percentages of the KBr and KoCro07 salts 
in the weighed samples of the liquid phase subjected to analysis. The Cra07 was 
determined iodometrically by titration by the Tsulkovsky method. The composi- 
tion of the solid phase in equilibrium with t#e:solution was determined for 
several points by the Schreinemakers method. Br' was determined by titration (Mo! 


In the polythermal investigation we made 7 cuts along the KBr — H20 
edge toward the potassium bichromate. The results of measurement for these 
ternary sections are listed in summarized form in Table 1. The “composition 
— property" diagram for the first four sections is shown in Fig. 2. 


The curves for the ternary cross sections, which resemble the curves of 
the KsCro07 — H20 system in their general configuration, indicate fairly well 
both the negligible solubility of potassium 
uw ; bichromate in solutions of potassium brom- 
f ide at low temperatures and the negligible 
depression of the melting point of the ice 
caused by the addition of potassium bi- 
chromate to solutions of potassium bromide. 
The ternary eutectic point of the KsCra07 — 
KBr — Hs0 system, found by graphic inter- 
polation of the experimental data obtained 
in the polythermal tests, is located at 
-11.7°, with the following composition of 
the liquid phase: 31.05% KBr, 0.2% KsCroa07, 
and 68.75% 


The isotherms of the KoCro07 — KBr —- 
H>0 system were obtained for the following 
temperatures: 0, 10, 20, 30, and 40°. ‘The 
O and 10° isotherms were plotted by graph- 
ical selection from the polythermal data 
; of the ternary cross sections and the lat- 
* 6€ 8 f0 eral binary systems. The isotherm data are 
Wt % K,Cr,0, listed in summarized form in Table 2. All 
the research data on the KeCra07 ~ KBr — 
Fig. 2 H20 system are generalized in the projece 
tion of the three dimensional diagram, the 
isotherm triangle of Fig. 3. The diagram 
does not show the isotherm curves for 0 and 10°, as they are too close to 
the polytherm line. The diagram of the KoCr207 — KBr — Hs0 system has three 
crystallization areas: a large potassium bichromate area and small ice and 
potassium bromide areas. 


Texperature 


We list below three systems investigated by us: KpCra07 — KNO3 
K2Cra07 — KCl — H20, and KoCro07 — KBr — H20, to indicate the changes in the 
individual solubilities of the salts in ternary systems. These systems possess 
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~ TABLE 1 


Point stoi by weight Molar per cent Temp- 
- id 


Cross Section 1. (3% KBr + 97% H20) —* KoCra0z. 


AU 


VM 


99.53 
99.48 
99.41 
99.29 


@ 


98.78 


Section 3. KBr + 93% —> 


98.82 
98.72 
98.61 
98.49 


0.47 
0.46 
0.46 
0.46 
> 


0.79 
0.79 
0.79 
0.79 


1.12 
1.12 
1.13 
1.13 
1.13 
1.12 


0.04 
0.05 
0.15 
0.26 
0.39 


-0.7 
-0.8 
-1 

6.5 
12. 3 


5 
-1.6 


ice 
ice 
ice + KoCra07 
KoCra07 
Ditto 


ice 
ice 
ice + KaCra07 


ice + KpCra07 
K2Cr207 
ditto 
ditto 


Section 4. (10% KBr + 90% H20) —» KoCra07 


98.35 
98.32 
98.31 
98 .2h 
98.15 
98.08 


Section 5 (15% KBr + 85% H20)_» KoCro07 


97.40 
0.50 97.36 
0.99 97 
1.96 97.26 
14.634 2.44 97.23 


1.65 
1.65 
1.65 
1.65 
1.65 
1.65 


2.60 
2.61 
2.60 
2.60 
2.60 


0.03 
0.04 
0.11 
0.20 
0.27 


0.03 
0.07 
0.14 
0.17 


-2.9 
-3.05 
-3.1 


8 
13 
17.5 


“4.7 


14.5 


17.2 


ice 
ice 
ice + KoCra07 
KoCrs07 
ditto 
ditto 


ice 
ice + KoCra07 
KaCr207 
ditto 
ditto 


Cross Section 6. (20% KBr + 80% H20) ~—» KoCra07 


96 .35 
96.32 
96.28 
96.25 
96.21 


20 

19.92 | 0.45 
19.80 | 0.99 
19.70} 1.48 
19.61 | 1.96 


Cross Section 7. (25.86% KBr + 
5.00: 


25.86 

25.78 | 0.31 
25.73 0.51 
25.47 1 1.53 


95.00 
94.96 
94.95 
9h .87 


3.65 
3.65 
3.65 
5.64 
3.64 


5.02 
5.01 
5.01 


0.03 
0.07 


0.11 


0.15 


6.5 


-6.7 
14.8 
19.1 


ice 
ice + 
KoCro07 
ditto 
ditto 


74.14% Ho0) —> KoCr207- 


5 
20.5 


ice 
ice + 
KaCra07 
ditto 


97 3.8 - - 
96.04 | 2.97 99 0.06 | 
95.10 | 2.90 0 0.13 
93.27 | 2.89 8h 0.25 
! 91.51 | 2.83 66 0.38 
89.81 | 2.78 0.50_ - 
95 5 Cross Ection 2, 5 + 25% Ho0)—> 07’ 
94.37 | 4.97 0.66 99.17 0.04 
93.85 | 4.95 1.20 99.13 0.08 
92.53 | 4.87 2.60 99.04 0.17 KoCr207 
90.77 | 4.77 4 46 0.30 | 12.5 Ditto 
d 89.06 | 4.69 | 6.25 0.43 | 17.6 ~ 
Cross KoCra07 
ie 93 T ~2.05 ice 
| 92.39 | 6.95 0.66 ~2.15 ice 
92.07 | 6.93 | 1.0 -2.2 
90.88 | 6.84 | 6.2 : 
} 89.42 | 6.73 | 3.85 12.5 
@ . | 87.74 | 6.60 | 5.66 18.5 . 
cross 
| 90 10 
89.56 | 9.95 0.49 
89.47 | 9.93 0.6 ; 
88.24 | 9.80 1.96 : 
87.38 | 9.71 2.91 
86.53 | 9.62 3.85 
Cross 
85 || 
— 
83.33 
82.93 
| 80 | | - 
79.63 
79.21 
78.82 
| 78.43 | 
1 | 74.14 
2 | 73.91 0.02 | 
| 4 | 73.00 0.13 
| } al63 
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TABLE 2 


| per cent by weight Molar per cent Solid phase 


Isotherm 0° 


99.72 
2.90 99.40 
6.90 | 98.80 

14.90 97-35 

25.76 | 94.96 

34.30 | 92.63 

34.5 92.61 


10° 
99.51 
2.85 99.21 

98.66 


14.80 | 97.30 
19.82 | 96.28 


37.90 91.44 
38.1 91.47 
Isotherm 20° 
99.24 
3.96 98.77 
9.92 97.96 
16.96 96.73 
22,1 95.64 
30.81 | 93.49 
34.75 92.37 
39.15 90.98 
39.40 91.04 
Isotherm 30° 
- 98.90 
6.04 98.19 
16.53 96 .55 
26.47 94.46 
34.33 92.357 
40.94 90.28 
W145 90.32 
Isotherm 40° 
- 98 
6.84 97.61 
18.70 95-77 
23.50 | 94.99 
89.56 


43.2 89.67 


H20 K2Cra07 | KBr 


SES SEB 


WOO E 
BUF SKE 


SORMUE 
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64.11 0.14 7.49 KoCro07 
58.11 0.09 9.63 |KoCro07 + KBr 
58.55 _ 9.68 KBr 
1 79.40 20.60 1.56 ~- KoCro07 
| 2 78.58 14.58 1.11 1.28 | KoCrs07 
3 74.07 7.23 0.57 3.66 KoCro07 
72.29 4,21 0.34 4.67 
5 55.93 1.65 0.16 10,28 po 
6 56.8 - 10.33 
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simple equilibrium diagrams, contain an identical cation, and a common component: 
potassium bichromate. The choice of systems makes it possible to use their 
comparison to indicate the mutual effects of salts with different anions upon 
-the individual solubility cf each salt in the respective ternary systems; in 
particular, it makes it possible to make a comparative evaluation of the effect 
of salts with different anions upon the change in the individual solubility of 
the component that is common to all. the ternary systems. 


In order to compare the individual and joint solubility of the selts making 
up the solutions, we express the individual particles — ions and molecules - 
present in the solution as mol fractions, basing our approach on the assumption 
that strong electrolytes are practically 
fully dissociated in aqueous solutions of 
any concentration, and that systems pos- 
sessing simple equilibrium diagrams can- 
not form stable complex ions in aqueous 


Ker solutions. 
The mol fraction is found from the 
equation: . 
ny 
Ny = 


ny + 


where n; = the number of moles of the _ 
given individual particles; and n, = the 
number of moles of all the cther individ- 
ual particles. In the ternary system we 
have selected for comparison, the anions 
are the unshared ions. We therefore take 
the ratio of the mol fraction of the anion 
in a saturated solution of the binary 
aqueous system to the mol fraction of the 
same anion in a eutonic solution of the 
respective ternary system as a measure of 
the change of the individual solubility 
Fig. 3 of the salt in ternary solutions at the 
given temperature. 


For instance: the change in the individual solubility of the salts in the 
KaCra07 — KCl — Ha0 system at the given temperature will be given by the ratio 


a 


N Noy 
for potassium. bichromate, and by for potas- 


sium chloride, where 


of the anions in the saturated solution for the individual solubility of the 


salts, and Nors0;'! joint and Noy joint are the mol fractions of the 


anions in the solution saturated with both salts for the joint solubility of 
these salts. 


and Nout sneee, are the mol fractions 


It is obvious that this ratio expresses the maximum change in the individual 
‘solubility of a salt in a ternary solution, besides underscoring the special 
nature of the effect of salts with different anions upon the component that is 
common to the systems under comparison. 
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Governed by the foregoing considerations, we give in Table 3 a swmary 


of the data showing the change in the individual solubility of salts in the 
ternary systems mentioned above. 


The figures in Table 3 indicate that the concentrations of the elementary 
anions Cl' and Br' undergo almost no change at various temperatures in eutonic 
ternary solutions of the corresponding systems with respect to concentration — 
in the saturated solution for an individual solubility of the salts, whereas 
the concentration of the complex anion Cro07,'', which is present in the same 
eutonic solution drops appreciably. The same drop in the concentration of 
the Cro07'' anion occurs, though on a smaller scale, when it is part of a 
ternary solution with the NO3' anion. 


Apparently, the structural peculiarities of anions affect the crystal- 
lization of salts from ternary solutions. 


SUMMARY 


4 1. Joint solubility was investigated by the methods of physico-chemical 
a analysis in the KeCro07 — KBr — H20 system from + 40° to total solidification 
of the solution. 


2. The system diagram has three crystallization areas: ice, potassium 


; bichromate, and potassium bromide. 
4 3. The individual solubility of potassium bichromate coage appreciably 
a in ternary solutions of the KoCr207 — KBr — Hs0 system. 


4, The salting-out effect with respect to potassium bichromate is 
arranged in increasing value in the following salt series: KNO3s — KCl — KBr. 
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RESEARCH ON THE STRUCTURAL DIAGRAM OF THE 


Al-Cu-Mg-Si SYSTEM 


D. A. Petrov and N. D. Nagorskaya 


1. Survey of the Literature on Research Into This System 


a) Ternary Systems 
The Al — Cu — Mg System 


In recent time, the Al-Cu-Mg system has been independently investigated 
by thermal and microscopic methods by G.G.Urazov and D.A.Petrov [1] in the 
N.S.Kurnakov Institute of General and Inorganic Chemistry of the USSR Academy 
of Sciences, and Nishimura [2] in Japan. The diagram plotted by G.G.Urazov and 
D.A.Petrov is shown in Fig. l. : 


Ly Mg 


Pig. 1. Structural Diagram Al-Cu-Mg (Urazov, Petrov) 
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Contradicting Vogel [3], who found only one ternary phase, AlgCuMg,, 
in the Al - Cu - Mg system, and Janecke [4], who arbitrarily assumed that the 
ternary phase found by Vogel was a solid solution based on AlgMgs, 1i.e., totally 
rejected the presence of ternary phases in the system, Urazov, Petrov, and 
Nishimura established the existence of two ternary phases, denoted by the 
symbols S and T. The authors' diagrams are of the same type, differing only in 
their indications of the pnase compositions and of the nonvariant points. 


In accordance with these diagrams, the aluminum vertex of the Al - Cu - 
Mg system is divided into 3 secondary systems: 


1) Al - CuAls - S with a nonvariant eutectic point: liq. == Al + CuAls + 
+ S at 501°, corresponding to a composition of 63.1% Al, 29.7% Cu, and 7.2% 
Mg (according to Urazov and Petrov) or 64% Al, 26.8% Cu and 6.2% Mg (according 
to Nishimura). 


2) Al-S -f with the nonvariant eutectic point: liq. +S =» T+ Al 
at 465°, corresponding to a composition of 64.4% Al, 10.0% Cu and 25.6% Mg ~ 
(according to Urazov and Petrov) or 64% Al, 11% Cu and 25% Mg (according to 
Nishimura). 


3) Al + T + AlgMg> with the nonvariant eutectic point: liq. —~ Al+T+ 
+ AlgMgo at 445°, corresponding to a composition of -65.5% Al, 1.5% Cu and 
33.0% Mg (according to Urazov and Petrov) or 65% Al, 3% Cu and 32% Mg (accord- 
ing to Nishimura). 


Al — Cu — Si System 


The Al - Cu - Si system has been investigated by Fuss [s], Gwyer, Phillips, 
and Mann [6], and G.G.Urazov, S.A.Pogodin, and Zamoruyev [7]. The same type 
of Al - Cu - Si structural diagram was plotted in all three research papers 
eas far as the aluminun vertex is concerned. The systém is a ternary eutectic 
mixture of Al, CuAls, and Si phases. The nonvariant eutectic point was found 
to lie at 525°, corresponding to the following composition: 65.8% Al, 29.0% 
Cu and 5.2% Si (according to Fuss); 67.5% Al, 26% Cu and 6.5% Si (according to 
Gwyer, Phillips, and Mann); and 63.5% Al, 31.5% Cu and 5% Si (according to 
Urazov, Pogodin, and Zamoruyev). 


Al — Mg — Si System 


The Al - Mg - Si System has been investigated by Hanson and Gayler [8]. 
According to their diagram, the aluminum vertex of the system consists of two 
secondary systems: 


1) Al — AlgMgo — MgoSi, with the nomvariant eutectic point: liq =™ Al + 
+ AlsMgo + MgpSi at 448°, corresponding to a composition of 65.25% Al, 34.0% 
Mg and 0.75% Si. 


2) Al — MgoSi — Si, with the nonvariant eutectic point: liq. == Al + 
+ MgoSi + Si at 550°. The composition of the liquid and of the nonvariant 
point were not determined. 


b) The Al — Cu — Mg — Si Quaternary System 


We know of only two papers, by Gayler and by Dix and associates, that have 
any bearing on our research problem. 


Gayler [9] investigated alloys at the aluminum vertex of the Al - Cu - Mg - 
Si quaternary system, up to 6% Cu, 4% Mg, and 4% MgSiz, along the two sectional 
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planes Al - MgoSi - Cus Mg (3:1) and Al - MgoSi - Cu.sMg (2:3); on the basis 
of his results, he stated the phase boundaries in the solid state for two temp- 
eratures, 400° and 250°. ; 


Both of Gayler's isothermal cross sections cover the following regions: 
1) the momophase region of an a-solid solution; 2) two diphase regions, a + 
+CuAlp and a + MgoSi; and 3) a triphase region a + MgoSi + CuAla. 


Gayler did not know of the existence of the ternary phase S in the Al - 
Cu - Mg system, discovered in 1936 by Laves and Witte [1°] (cf also [1,2] and 
apparently disregarded the presence of another ternary phase T in this system, 
which had been discovered by Vogel in 1919. 


Moreover, his cross sections, as we shall see later when we discuss the 
system on p a475, run as follows: one (Cu:Mg = 3:1) through the tetrahedron 
Al - CuAls - S - MgoSi and the other (Cu:Mg = 2:3) through the tetrahedron Al - ; 
S -T - MgsSi. Correspondingly, the alloys he did research on should possess ; 
the following phases: alpha solution, CuAls, MgoSi, and S along the Cu:Mg = 
3:1 cross section, and alpha solution, MgoSi, S and T along the Cu:Mg = 2:3 
cross section. 


Hence, Gayler did not notice the S phase in the alloys of the first cross 
section and evidently took this phase to be CuAls in the alloys of the second 
cross section, failing to notice phase T. Apart from the presence of ternary 
phases, the four-phase region, which is missing in Gayler's paper, should have 
occupied the corresponding position along the cross sections of the quaternary 
system investigated by Gayler. 


All this compelled us to consider the results reported by Gayler as not 
reflecting the actual relationships in the alloys on which he had done research 
and to ignore them in our further consideration of the system. 


Dix, Sager, and Sager [11] investigated some alloys at the aluminum vertex 
of the Al - Cu - Mg - Si system, prepared from the purest aluminum. They added 
the Mg and Si in proportions calculated to form the compound MgsSi. Im fact, 
Si was present in an excess of from 0.03 to 0.16% in all their alloys (with a 
constant calculated percentage of 1.3% MgoSi). 


In all their alloys the authcrs found, in addition to a, Cu Alo, and 
MgoSi, a fourth structure which they believed ought to contain all four com- 
ponents of the system they were investigating, i.e., Al, Cu, Mg, and Si, and 
thus was the quaternary phase. 


The authors indicate that this phase is easily distinguishable from MgoSi 
under the microscope, but that it could be confused with CuAls. Both phases, 
CuAls and Ai - Cu - Mg - Si, are gray in color in a neutral polish section, ac- 
cording to their descriptions, the quaternary phase appearing to be somewhat — 
darker. When etched with hot 10% HNO3, the CuAlp turns brown, whereas the 
Al - Cu - Mg - Si turns blue at first, becoming thoroughly pitted with further 
etching. When etched with hot NaOH, CuAla turns brown in 4 seconds, whereas 
Al - Cu - Mg - Si is outlined; a 0.5% solution of HF outlines both the CuAlo 
and the Al - Cu - Mg - Si. 


The authors also established the solidus temperature as 510.5° for Alloy 
4541 (with 4.82% Cu, 0.58% Si, and 0.83% Mg). 


Lastly, in Alloy M7436, with 2.80% Cu, 0.85% Mg, and 1.06% Si, they found 
free silicon, in addition to CuAls and Al - Cu - Mg - Si, but found no MgoaSi, 
pointing out in this connection that at certain concentrations the quaternary 
phase is evidently more stable than MgsSi. 
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Using the results reported by Dix, Sager, and Sager, Petrov [12] indicated 
the supposed limits of the atomic ratios of these elements in the quaternary 

phase and proposed the formula Al,Cu,MgsSi4 for the phase. These figures were 
used by us"in our investigation of the structural diagram. 


2. Description of Experimental Methods 


Research on the structural diagrams was effected by plotting the cooling 
curves with the pyrometer designed by Academician N.S. Kurnakov and by studying 
the microstructure of the alloys along certain cross sections. 


The constituents used in preparing the alloys were: aluminum containing 
0.17% Si and 0.17% Fe; magnesium containing 0.06% Al and 0.10% Fe; electrolytic 
copper; and silicon containing 0.26% Al and 0.87% Fe. As a rule, in studying 
the cross sections, we first prepared a sufficient quantity of the two extreme 
(ternary) alloys for each cross section. Smelting was done in graphite crubibles 
in cryptolite furnaces, oxidation of the metal being prevented by first fusing 
in the crucible an adequate amount of flux, consisting of a mixture of potassium 
chloride and magnesium chloride in equimolecular proportions (carnallite), which 
hed been previously desiccated with care to eliminate the water of crystalliza- 
tion from the magnesium chloride and then fused. 


The eluminum was added to the liquid salt bath in the crucible, followed 
by the melt: copper and silicon, or copper and magnesium, or silicon and mag- 
nesium, depending on the alloy to be prepared. 


During the smelting process, more flux was added to the crucible as needed 
s0 that the metal was always covered by a protective layer of fused salts. To 
prevent the metal from entrapping flux during pouring, a small quantity of am- 
monium fluoride was sprinkled over the surface of the bath before pouring (but 
after careful stirring of the melt) in order to form a solid coating over the 
surface of the metal. Then the alloy was poured into a cold metal mold, form- 
ing a round ingot 16 mm in diameter that solidified almost instantaneously, 
thus preventing the formation of an alloy with nonhomogeneous composition. 
Besides, ingots of this size could be easily pulverized for weighing. . 


The alloys were usually preheated under carnallite in graphite crucibles 
placed in cryptolite furnaces before recording their cooling curves. Sometimes, 
when we expected the critical points on the cooling curve to be close to the 
freezing point of carnellite (460-490°) we used a flux with a lower melting 
point: 54.5% by weight of KCl and 45.5% by weight of LiCl, which melted at a 
temperature below the melting point of zinc. 


The weighed batches (averaging 60 g) were made up of ready ternary al- 
loys. After the alloy had been heated up enough, and the melt had been care- 
fully stirred, the furnace circuit was disconnected, and the hot junction of a 
Pt-PtRh thermocouple made up of 0.5 mm wires was introduced into the metal. 

The ends of the thermocouple, insulated from each other in a two-duct porcelain 
tube, were protected against the metal by a porcelain cap. 


The cold junction of the thermocouple was always kept at O° in melting 
ice. The thermocouple was dipped into the metal so that the hot junction was 
8 to 10 mm from the bottom of the crucible and was on the latter's longitudinal 
axis. The crucible was covered with an asbestos or fireclay cover. Cooling 
tock 40 to 70 minutes, depending on the nature of the alloy and the initial 
cocling temperature. 


The loss in preparing the alloys was not high, of the order of tenths 
of one per cent. 
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3. Al — Cu — Mg — Si Structural Diagram 


In Fig. 2 there is plotted part of the structural diagram of Al - Cu - 
Mg - Si investigated by us down to 50% Al, in-fow projections: a horizontal 
projection on the 50% Al plane parallel to the Cu - Mg - Si base of the tetra- 
hedron, and three’ vertical projections that are perpendicular to the three 
sides of the horizontal projection.* In Fig. 3 the structural diagram is showm 
in perspective, showing the location of the I - II, If - IT,....1X - IX cross 
sections explored in plotting the diagran. 


The diagrams for the plane cross sections of the Al - Cu - Mg - Si 
tetrahedron are given in Figs. 4-8 for 90, 80, 70, 60, and 50% Al, and the 
diagrams of the investigated linear cross sections are shown in Figs. 9 - 17. 


The phase compositions and the locations of the nonvariant points in 
the ternary systems were taken, with some corrections, from the corresponding 
diagrams in the papers of G.G.Urazov and D.A.Petrov [2], G.G.Urazov, S.A. 
Pogodin, and G.M.Zamoruyev [7], and Hanson and Gayler [8]. The corrections 
were based on the results of our investigation of the Al - Cu - Mg - Si system. 


According to our data, the nonvariant point in the Al - Mg ~ Si system 
corresponding to the equilibrium liq. = = Al + MgoSi + AlsMgo, is much closer 
to the Al - Mg edge than is stated by Gayler. It is close to the following 
composition: 0.3% Si, 34.6% Mg, 65.1% Al. The position of the other nonvariant 
point in the same system, corresponding to the equilibrium: liq. =~ Al + 
+ Si + MgoSi, was found to be about 10% Si., 3.9% mg, and 86.1% Al. The posi- 
tion of the nonvsriant point in the Al - Cu - Si system is closest to the com- 
position of 5.2% Si, 29.0% Cu, 65.8% Al, given by Fuss [5]. 


We were able to establish the composition of the quaternary phase W from 
the results of a merely approximate thermal analysis. The Cu:Mg:Si = 4:5:4 
ratios, in atomic percentages, previously established by us, [12], have been 
confirmed by the present research. The percentage of aluminum ia W is between 
30 and 40%. It was assumed to be 30% when we constructed the structural dia- 
gram. In accordance with the structural diagrams (Figs. 2 and 3), the Al par- 
ticipates in six nonvariant equilibria, three of which are eutectic: 


1) Liq. = Al + CuAlp + Si + MgeSi at the point Es, 
2) Liq. Al + CuAlo + S + MgoSi at the point Eo, 
3) Ligs Al + T + AlgMgo + MgoSi at the point Ej, 


and three are peritectic: 
| 4) Liq. +MgoSi ==> Al+Si+W at the point Ps, 
5) Liq. + MgoSi === Al + CuAlo + W at the point Po, 
6) Liq. +S = Al + MgoSi+T at the point P,. 


The compositions..and temperatures corresponding to the nonvariant points 
are listed in Table l. iy 


The three nonvariant points Es, Py and E, have compositions and tempera- 
tures that are close to those of the corresponding nonvariant points €47,&, 
(Fig. 3) in the Al - Cu - Mg ternary system (points Es, P,, and E, in Fig. 1). 
They lie close to the Al-Cu - Mg side of the tetrahedron, along which the most 
easily fusible phases of the system are located. The three other nonvariant 
points are also shifted toward the Al - Cu - Mg side, on the whole. 


The surfaces of secondary crystallization are the boundaries of seven 
spaces of primary crystallization of the phases: Al, Si, CuAlo, MgoSi, W,S, 


The justification for representing a quaternary system by such a method and the theory of 
quaternary systems, elaborated by us and employed in the present paper, will be found in 
our research paper 


T, and AlsMgo in the tetrahedron (Fig. 3) 
TABLE 1 
List of Nonvariant Points at the Aluminum Vertex of the Tetrahedron 
Position of nonvariant point 
Nonvar ian itd 4 ight) 
point Equilibrium Composition Dy weighs 
Al Cu Mg | si] © 
E3 Liq. Al + CuAla + Si + MgoSi [64.8 28.3 3.1]4.0 | 505 
Eo Liq. == Al + CuAlo + S + MgoSi [62.8 29.6 7-15} 0.45] 500 
Ea Liq. == Al + T + AlgMgo + MgoSi | 65.3 1.5 32.9 | 
Ps Liq. + MgoSi == Al + Si + W 70.0 16.5 6.0]7.5 | 521 
Po Liq. + MgoSi == Al + CuAlo + W 64.4 28.3 3.6 13.7 | 510° 7 
Py Liq. + S == Al + MgoSi+T 64.2 10.0 25.5 10.3 | 505 | 
“his temperat the solidus temperature of the allay (510.5°) given by Dix and associates 
“te 0. Si 0. 83% ue, thés position being within the Al-Mg.Si-CuAl,-W 
tetrahedy7me locations of the surfaces of secondary crystallization and the lines 
of tertiary crystallization in the tetrahedron are described in Table 2. 
TABLE 2 
Surfaces and Lines of Crystallization in the 7 
Al — Cu — Mg — Si Concentration Tetrahedron 
Equilibrium | Crystallization Surfaces and Lines 
Sia I. Surfaces of Secondary Crystallization 
I. Liq. == Al + Si 
Liq. = Al + €g 
3. Liq. wm Al P3E3Pa 
Lig. == Si + 
5. Liq. == Si+W & 3P3 
| 6, Liq. <2 CuAlo + W 
| 8. Lig. Si + MgoS1...... aP3 
9. Liq. + MgoSi W with maximum temperatures 
at the line po% 7 
10. Liq == CuAlo + MgoSi .......... Ngee with maximum temperatures 
at the line egtg 


ll. Liq.== Al +S ee 


12. Liq. CuAls + Ss eee 
Lig. ==> MgoSi+S5S 


15. Liq. +s=f eee 


With maximum temperatures 
at the line €13£10 


e3 


with maximum tempera. - 
tures at the line e)2%o. 


Py" 


— 
= | 
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Table 2 continued 


uilibrium Crystallization Surfaces and Lines 


16. Liq. MgoS1 + T Pi Ei 
17. Liq. == Al + AlsMZo 
18. Liq. == T + AlgMgo 
19. Liq. MgoSi + AlsMgo .....-.- Enea 
| II. Lines of Tertiary Crystallization 
“3. She. Al + e4Es 
3. Liq. == Al + CuAla + W 
Lig. == Si + CuAla + W E367 
5. Liq. == Al + Si + MgoSi ....... esPs 
6. Liq. . + MgoSi == Al + W ....... Pa with maximum temperatures 
at the point ™-s 

Lig. + MgoSi == Si + W 
8. Liq. == Al + CuAlo + MgoSi.... PotgEo with maximum temperature at 

the point 
9. Liq. + MgoSi == CuAlo + W..... Pot, 
10. Liq. == Al + CuAla + S .......- 
ll. Liq. Al + MgoSi +S ........ E2 with maximum temperature 

_ at the point £10 

12. Liq. == CuAla + MgoSi+S ..... 
13. Liq. == Al + MgoSi+T........ PLE, 
15. Liq. + MgoSi + T 
16. Liq. == Al + T + AlgM@e ....... 
17. Liq. <= Al + MgoSi + AleMg> ... €5E) 
18. Liq. <= T + MgoSi + AloMgo .... 


At the bottom of Fig. 3 the arrows ( ¥ ) indicate the direction of 
the phase compositions and nonvariant points that lie beyond the protion of 
the concentration tetrahedron shown in the figure. 


The region of primary crystallization of Phase U begins at about 54% 
Al and below in the Al - Cu - Mg sustem. In this same system, the region of 
concentrations that include equilibriuwn with the AlsMg, compound lies along 
its Al — Mg binary edge below 62.4% Al (a composition that corresponds to the 
compound AlsMgs). Investigation of equilibria in the quaternary system of ' 
which these phases (U and AleMg,) form a part was not part of our job. 


The corresponding concentration regions have been enclosed by wavy lines 


| 
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in Fig. 3 and in the 60% and 50% Al cross-section diagrams (Figs. 7 and 8) to 
denote the fact that they have not been explored. 


The locations of the cross sections I~ I, II ~ II,..., IX — IX and 
the lines of intersection of the planes with the surfaces of secondary crys- 
tallization and the faces of the secondary tetrahedra have been drawn on the 
planes corresponding to 90, 80, 70, 60, and 50% Al (Fig. 3). 


a) Description of the Diagrams of Plane Cross Sections 
90% Al Plane 


The whole cross-sectional plane lies in the region of primary crystal: 
lization of Al. The regions of secondary crystallization are bounded by the 
lines s5P3, PsE3, 4E3, EsPa, EsP3, PsP2, E23, Pa, PiEi, 

28, of tertiary crystallization in the cross section. The isotherms SiP3, 
SiEg, CuAlsE3, CuAlsE2, MgoSiPo, MgoSiEa, MgoSiP,, MgaSik,, 
WE3, WP3, SEo, SP,; TE,, AleMgok, of tertiary crystallization, correspond- 
ing to the temperatures of the nonvariant points, bound the cross-sectional 
plane in the region of tertiary crystallization. The straight lines SiW, 
CuAloW, MgoSiW, MgsSiCuAls, MgoSiS, MgoSiTf are the intersections of the cross 
section with the faces of the secondary tetrahedra. 


In accordance with what has already been said and with the following 
description of the cross section, *he diagram of the cross section comprises 
the following crystallization surfaces, which are the boundaries of the cores- 
ponding crystallization spaces (Table 3). . 


The regionsof peritectic transformations of MgaSi and S are the most 
intricate part of the cross-section diagram. 


According to Table 3, the transformation from MgaSi to W in the con- 
centration region within the cross section may occur by way of the following 


reactions: 
Liq. + MgoSi == Al+W 
Liq. + MgoSi == Al + Si+W, 
Liq. + MgoSi == Al + CuAla + W. 


We trace the surfaces of the beginning and end of these transformations on the 
cross-section diagram, (Fig. 4). 


The Liq. + MgoSi = Al + W Transformation 


This four-phase reaction begins at the MgoSiPsPoMgoSi surface after 
completion of the Liq. == Al + MgoSi secondary crystallization. It concludes 
in the WP3P.W concentration region with the transformation of all the MgsSi 
crystals that had separated out during secondary crystallization. The equilib- 
rium is now a three-phase one:. Liq. == Al + W. ‘The surface WP3PaW of the end 
of the four-phase reaction: Liq. +: MgoSi =* Al + W is thus likewise the surface 
of the beginning of secondary crystallization: Liq. =» Al +W. In this sense, 
it therefore has the same value as the P3E3PsP3 surface, with the sole difference 
that on the latter the secondary crystallization: Liq. =: Al + W begins directly 
after the primary crystallization Liq. = Al. 


In the MgoSiPoWMgoSi region the crystals of MgoSi remaining after the 
Liq + MgoSi == Al + W transformation continue to undergo transformation in 
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Fig. 7 Diagram of the 60% Al Cross Section 
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Fig. 8 Diagram of the 50% Al Cross Section 
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Fig. 9 Diagram of Cross Section I (60%, A!, 8%, Si) 
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TABLE 3 


~~ Surfaces in the Diagram of the 90% AL 
Cross-Section Plane 


Equilibria | Crystallization Surfaces 


Liq. Al + Si 
Liq. Al + W 
Liq. == Al + MgoSi 
Liq. = Al + 

Lig. AL + T 
Liq. Al + AlgMgo 


III. Tertiary 


Liq. = Al 
Liq. = Al 
Liq. Al 
Lig. Al 
Liq. <= Al 


4 
Si + W 
Si + CuAlo ....... 
+ W 
CuAlo + MgoSi .... 


Liq. + MgoSi == Al 


Liq. == Al + CuAls 
Liq. == Al + MgoSi 


Ss 


S 


~ 


10. Liq. 
ll. Liq. == Al + T + AlgMgo ..... 
12. Liq. == Al + MgoSi + 

IV. Quaternary Crystallization 
1. Liq. == Al + Si + CuAlno +W.. 


== Al + MgoSi + T 


2. Liq. +. MgoSi == Al + Si+W.. 


I. Primary Crystallization 
II. Secondary 


CuAloAlsMgoSi 


Crystallization 


Sit. 
CuAla 
WP3E5PoW 
EsEaP, 


Crystallization 


MgoSiP.SiMgoSi 
SiEjWSi 
SiEsCuA1>Si 
CuAlsEsWCuAls 


CuAloPoMgeSiEsCuAls with maximum temp- 
erature at the line CuAlsMgsSi 


MgoSiPsPoMgoSi — beginning of peritectic 
transformation (with maximum tempera- 
ture at the line MgSi™., 


WP3PoW — end of peritectic transforma- 
tion (with maximum temperature at the 
line Wt) 


CuAlsEsSCuAls 


MgoSiEaSP,MgoSi with maximum temperature 
at the line SMgsSi 


SP,\"S — beginning of peritectic trans. 
TPinT — end of peritectic transformation 
MgoSik ,TMgoSi 
TE, AlsMgaT 
MgoSiE,AlsMgoMgoSi 


SiWCuAls 


SiPsWMgoSiSi — beginning of peritectic 
transformation 


SiP3WSi — ene of peritectic transformation 
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Table 3 continued . 


Equilibria Crystallization Surfaces 


3. Liq. + MgoSi Al + CuAlo + W.. CuAlsPoWMgoSiCuAls — beginning of peri- 
tectic transformation 


CuAloPsWCuAls — end of peritectic trans. 
4, Liq. == Al + CuAle + MgoSi + Si. CuAloMgoSiSCuAls 


5. Liq. + S =~ Al + MgoSi+T...... SMgoSiP,TS — beginning of peritectic 
; transformation 


MgoSiP,TMgosi — end of peritectic 
transformation 


6. Liq. —> Al + T + AlsMgo + MgoSi MgoSiTAlsMgoMgaSi 


accordance with the five-phase reaction: Liq. + MgoSi =~ Al + CuAla + Ws; in the 
MgoSiP3WMgoSi region they undergo transformation in accordance with the non- 
variant reaction: Liq. + MgoSi == Al + Si + W. ‘ 


The Liq. + MgoSi == Al + Si + W Transformation 
Jhis nonvariant reaction takes place at constant temperature on the 
MgpSiWP,SiMgoSi peritectic plane. In. the WP3SiW region of this plane it termin- 
ates in the complete disappearance of the MgsSi crystals. Solidification con- 
tinues in accordance with the four-phase reaction: Liq. == Al + Si+W. Thus, 
the WPsS5iW portion of the peritectic plane MgoSiWPsSiMgoSi is likewise the sur- 

face where the tertiary crystallization: Liq. == Al + Si + W begins. In this 
respect it has the same value as the SiE,PsSi plane, with the sole difference 
that on the latter the tertiary crystallization Liq. == Al + Si + W begins 


directly after the secondary crystallization: Liq. —= Al + S1. 


All the liquid disappears, and solidification is concluded on the . 
Mg>SiWSi portion of the peritectic plane, owing to the peritectic transforma- 
tion. 


The Liq. + MgoSi == Al + CuAlp + W Transformation 


This transformation takes place on the MgoSiCuAlpPsWMgoSi peritectic 
plane. In the CuAlpPsWCuAls portion of this plane, the reaction transforms 
all the MgoSi crystals, and solidification then continues in accordance with 
the four-phase reaction: Liq. <== Al + CuAlo + W. Hence, the CuAlsPoWCuAls 
portion of the peritectic plane is likewise the plane at which the tertiary 
crystallization: Liq..=—> Al + CuAlp + W begins, and in this respect it has the 
same value as the CuAlsE3PoCuAls plane, on which the tertiary crystallization 
Liq. + Al + CuAlp + W begins immediately after the Liq. <= Al + CuAlo second- 
ary crystallization. 


Owing to nonvariant transformation, all the liquid disappears on the 
MgoSiCuAlswWMgoSi portion of the peritectic plane, and solidification is con- 
cluded there. The same sequence of equilibria that was observed in the trans- 
ition from MgsSi to W also takes place in the S and T transformations. 


The 50% Al Plane 


The plane of this cross section differs from the preceding one in that 
it passes through the regions of primary crystallization of three phases: Al, 
Si, and MgoSi. 
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scribed in Table }. 


Otherwise, this cross section resembles the preceding cross section for 


90% Al. 
TABLE 4 
Auxiliary Crystallization Surfaces on the 80% Al Cross Section 


Equilibria | Crystallization Surfaces 


I. Primary Crystallization 
II. Secondary Crystallization 


The 70% Al Plane 


The cross section at 70% Al resembles that at 80% Al, differing from it 
only in the distribution of the regions of primary crystallization of Si and 
Mg2Si, which now occupy a large part of the cross section. 


The peritectic point Pa lies on this cross-section plane (cf Table 1 
for the location of the nonvariant points). 


: The 60% Al Plane 


The cross section at 60% Al is a eutectic section with respect to Al. 
‘Tt passes through the regions of primary crystallization of MgoSi, SiCuAlo, W, 
S, T, and AlsMgo and presents a much more intricate equilibrium picture than 

the preceding cross sections. 


The cross-section diagram comprises the following crystallization sur- 
faces (Table 5). 


TABLE 5 
Crystallization Surfaces in the Diagram of the 60% Al Cross-Section Plane 


Equilibria | Crystallization surfaces 


I. Primary Crystallization 
SiesPSE3e4Si 
age CUAle 


Accordingly, five new lines e115, es5€5, and and 
three new planes appear in the cross section diagram, their meaning being de- 


8 €5ESPipies 


1. Lig. 
2. Liq. 
3. Lig. 
4h, Lig. 
5. Lig. 
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Fig 14 Diagram of Cross Section VI (90% Al, 4% Me) 
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Fig. 17 Diagram of Cross Section IX (50% Al. from 35% Cu and 
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Table 


Equilibria 


Liq. 
Liq. 
Liq. 
Lig. 
Liq. 
Lig. 
Liq. 
Liq. 


. Liq. 


Liq. 


Liq. 


Lig. 


Liq. 


Liq. 


Liq. 
Liq. 


Liq. 


Liq. 
Liq. 
Liq. 
Liq. 
Liq. 
Liq. 


continued 


Crystallization surfaces 


II. Secondary Crystallization 


wm SL + AL 
CuAla + Al 
Se W'+ AL 
CuAlo + SLI 
=~ CuAlo + W 


MgoSi + Al 


Si + MgoSi 
MgoSi 


== CuAlo + 


wr S + Al 
qm CuAlo +S 
wie + S 


== T + Al 


+S—=T eee 


== MgoSi + 


w= T + 


=> Mgpsi + AlsMgo 


Si + Al + 
qt: CuAlea + AL + W 
Si + AL + W 
CuAle + W + SA 
== Si + MgoSi + Al ....... 
+ MgoSi =» Al + W........ 


III. Tertiary Crystallization 


PA" WPS" pare 
P2 ES. EsES"PS" Pe 
PSESE3E3' 
*PA'ES 'E{ te ed t 
— beginning of peritec- 
tic transformation (with maximum 
temperature at the line p3p3) 


Pa" pS" — end of peritectic 
transformation (with maximum temp- 
erature at the line p3'Ps 
erature at the line elVezes" 


with maxim tempera- 
ture at the line @12€12€1> 


wpypipit — beginning of peritectic 
transformation 
PY 
IV_VI vI 


E, 


ta 


CuAlsE3; E43 WCuAls 


tt 


WSi 
$iPsPaMgoSiSi 
— beginning of 
peritectic transformation (with max- 


imum temperature at the line MgoSips ) ~ 


1. 
2. 
3. 
6. 
7. 
8. 
10 
1l. 
= 
13. 
1. 
| 16. 
i7. ? 
18, : 
3. | 
5. 
6. 


Equilibria 


T- Liq. + MgoSi == Si+W 
8. Lig. <+ CuAlo + MgoSi + Al... 


9. Lia. + CuAlo + W 


10. Liq. CuAls + Ss + Al 
Bake Liq.. == MgoSi + S + Al....... 


12. Liq. = CuAlo + MgpSi +S 
15. Liq. => Mg2Si + + Al ereeee 
14. Liq. + S AL + T 


15. Liq. + MgoSi + 


16. Liq. =<» MgoSi + AlgMgo + Al .. 
17. Liq. = T + A-sMgo + Al ...... 
18. Liq. = MgoSi + T + AlgM@go.... 

IV. Quaternary Crystallization 


1. Liq. <= Si + Al + CuAlo + W... 
2. Liq. + MgoSi — Si+AL+W... 


>. Lig. + MgoSi = CuAlp + Al + W 


<== CuAlo + MgoSi + S + Al 


Table 5 (continued) 


Crystallization surfaces 

att 

WP3 Po Po W — end of peritectic trans- 

formation (with maximum temperature 
at the line Wpo' 


P3P3'P3P3P3. — beginning of peritectic 
transformation 


P3'P3Ps — end of peritectic transform- 


ation 
CualpP2’ with maximum 
temperature at the line CuAloMgaSi 
Po beginning of peritectic 
transformation 
Ps — end of peritectic 
transformation 
CuAl ESSCuAls 
Mg with maximum temp- 
erature at the line MgoSiSi 
E2 
MgoSiE, 
— beginning of peritectic 
transformation 
ppv! — end of peritectic 
transformation 
P,P,P,P, P, — beginning of peritectic 
transformation 
— end of peritectic transform- 
ation 


sE\MgpSits 


SiCuAlsWwsi 


MgoSiWPs"P,'SiMgoSi beginning of peri- 
tectic transformation 


WP3 Ps SiW -— end of peritectic trans- 
formation 


MgoSiwPs — beginning of 


peritectic transformation 


WPo Po CuAloW - end of peritectic 
transformation 


CuAlsMgpSi S 
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Table Continued) 
Crystallization Surfaces 
SMgoSiP,P{'ts — beginning of peritectic 
transformation 


t 
ppv — end of peritectic trans- 
formation 


Equilibria 


6. Liq.. —™ MgoSi + T + Al + AlgMgo 


The regions of the peritectic transformations of MgoSi and S constitute 
the most complex portion of the cross-section diagram. 


According to Table 5, the transformation of MgsSi into W in the concen- 
tration region within the cross section can be effected by way of the following 
reactions: 

1) Liq. + MgoSi = W, 

2) Liq. + MgoSi —= Al + W, 

3) Liq. + MgoSi =~ Si + W, 

4) Liq. + MgoSi =< CuAlo + W, 

5) Liq. + MgoSi = Si + Al + W, 

6) Liq. + MgoSi == CuAlo + Al + W. 


We outline the surfaces of the beginning and end of these transforma- 
tions on the cross-section diagram. 


The Liq. + MgpSi == W Transformation 


This three-phase reaction commences on the PS~3P3PspsPSP3 plane after 
the primary crystallization of MgaSi. 


In the Pa" ps" Ps concentration region this three-phase re- 


action ends at the pi"ps"pj"Pap2PoPs' With the transformation of all the prim- 


ary crystals of MgoSi that have settled out. This does not conclude the form- 
ation of W crystals; they continue to be formed, but now solely from the liquid 
phase. The PJ" p2t'PA"P3{pSsPsP3" surface of the end of the three-phase “reaction: 
Liq. + MgoSi = W is thus also the surface of the beginning of the primary 
crystallization of W and in this respect has the same significance as the 
P3PSE3P3 plane. The only difference between them is that on the latter the 
primary crystallization of W commences directly from the liquid, whereas the 
primary crystallization of W on the P3'p}'Ps!'Psp3P3P4" plane is preceded by the 
primary crystallization of MgoSi and the transfcrmation of this phase into W. 


The primary crystals of MgoSi left after the transformation in accordance 
with the reaction: Liq. + MgoSi == W, continue to undergo transformation in the 
pA'ps'p*pd4' region in ~~ accordance with the four-phase reaction: Liq. + 
+ MgoSi = Si + W; in the P" Ps ps Ps PapsPs region in accordance with the 
reaction: Liq. + MgoSi == Al + W, and in the P3!'P3P4 region in accordance with 
the Liq. + MgoSi <= CuAlo + W reaction. 


The Liq. + MgoSi == Al + W Transformation 


The transformation commences at the P3MgoSi surface 
after the second eutectic crystallization: Liq. =<: MgoSi + Al in 
MgoSiPip"P&MgoSi concentration region and after the secondary eutectic crys- 
tallization of Liq. + MgoSi == W in the PipsPuPs"ps"PA"Pa concentration 
region. It ends in the WP4*p4"P!"W concentration region with the transformation 
of all the crystals of MgoSi that had separated out earlier. We now have a 


| 
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three-phase equilibrium: Liq. == Al + W. The WPap> PoW surface of the end of 
the four-phase reaction: Liq. + MgoSi <= Al + W is thus likewise the surface of 
the beginning of the secondary crystallization Liq. = Al + W. Hence, it has 

the same significance as the surface P3"P3'EsP3, with the sole difference that 
on the latter the secondary crystallization begins immediately after the primary 
crystallization of W. The crystals of MgoSi left after transformation in ac- 
cordance with the reaction: Liq. + MgoSi == Al + W continue to undergo trans- 
formation in accordance with the non-variant five-phase reaction: Liq. + MgoSi = 
— Al + Si + W in the Mg>SiP§$P.4WMg-Si region, and in accordance with the non- 
variant reaction: Liq. + MgoSi == Al + CuAla + W in the MgoSiP"P3"WMgoSi region. 


The Liq. + MgoSi = S + W Transformation 


This transformation, beginning at the PSPs" P5P5Ps surface, concludes 


with the complete disappearance of the MgoSi that had previously separated out 
on the Pg P3P3 surface, and the four-phase equilibrium gives way to a three- 

phase one: Liq. == Si+W. Thus, the Py'P3P3 surface is also a surface where 
three-phase equilibrium begins. In the P3P3"p3p3 region the transformation of 
MgoSi is not completed, continuing in accordance with the nonvariant reaction: 
Liq. + MgoSi = Al + Si + W. 


The Liq. + MgoSi == CuAlp + W Transformation 


Beginning at the PSPL’p2p!"p*! surface, this transformation ends at the 
Po 8 surface with the total disappearance of the MgoSi crystals, being 
replaced by the three-phase equilibrium: Liq. =: CuAl2 + W, at the same surface... 
In the concentration region pvp!" p!pIv, the transformation of the MgsSi does 
not come to an end, but continues in accordance with the nonvariant reaction: 
Liq. + MgoSi <= Al + CuAls + W. 


The Liq. + MgeSi >= Si + Al + W Transformation 


This nonvariant transformation takes place at constant temperature on 
the peritectic plane PsSiMgoSi. In the P,SiW portion of this plane 
it ends with the complete disappearance of the crystals of MgoSi, giving way to 
a four-phase reaction: Liq. == Si+ Al +W. Owing to nonvariant transformation, 
all the liquid disappears in the MgoSiWSiMgoSi portion of the peritectic plane, 


and solidification comes to an end in this area. 


The Liq. + MgoSi =~ CuAlp + Al + W Transformation 


This nonvariant transformation takes place on the peritectic plane 
MgoSiWPs"PS’cualsMgoSi. In the WPS"PZ¥cuAlsW portion of the plane it ends with 
the complete disappearance of the crystals of MgoSi, being replaced by the four- 
phase reaction: Liq. == CuAla + Al + W. WNonvariant transformation causes all 
the liquid to disappear in the MgpSiWCuAlsMgoSi portion of the plane, and solid- 


ification comes to an end. 


The 50% Al Plane 


The diagram of this cross section differs in no essential particular 
from that of the preceding cross section. As the cross section passes through 
the concentration tetrahedron at lower Al percentages, the regions of secondary 
and tertiary crystallization are noticeably contracted in this phase. 
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b) Description of the Linear Sections of the Al — Cu — Mg — Si 
Tetrahedron, Investigated to Plot the Structural Diagram 


All the sections described below were investigated by thermal and micro- 
scopic methods of analysis. Only Cross Section I on the 60% Al plane is illus-_ 
trated with microphotographs here. 


The other cross sections were not microphotographed. 


The first four cross sections I, II, III, and IV were investigated prin- 
cipally to determine the position of the monovariant curves directly adjoining 
the Al-Cu-Mg face of the tetrahedron. The other five cross sections —- V to IX - 
were selected so as to facilitate plotting the other monovariant curves in the 


tetrahedron. 
I. Cross Section I: 8% Si_on the 60% Al Plane. 


s) Cross-Section Diagram 


The location of the cross section on the plane is shown in Fig. 7 
together with composition of the alloys investigated. 


The cross section diagram, shown in Fig. 9, was plotted from the cooling 
curves and the results of microscopic examination. 


The cross section crosses three regions of primary crystallization: 
MgoSi, W, and Si. Correspondingly, the liquidus line is represented on the 
cross section by three intersecting curves. 


The region of primary crystallization of MgoSi is bounded on the bottom 
by two lines of secondary crystallization: 


1) the eutectic line, at which the dual eutectic MgoSi + Al begins to 
separate out after the primary crystallization of the MgoSi is complete; and 


2) the transition (peritectic) line, at which the transformation of 
the initially formed crystals of MgoSi begins in accordance with the reaction: 
Liq. + MgoSi = W. 


The region of the primary crystallization of W is bounded by three lines 
of secondary crystallization: 


1) at the right by the transition line, at which there ends the trans- 
formation of MgoSi according to the reaction: Liq. + MgoSizs W after the primary 
crystallization of the MgoSi, a transformation that began at the curve above < 
which lies the region: Liq. + MgoSi + W; and 2) at the bottom by two eutectic 
lines, at which, after the primary crystallization of W,; there begins the separ- 
ation of the binary eutectics W + Al and W + Si. 


The region of primary crystallization of Si is bounded at the bottom by 
two eutectic lines of secondary crystallization, at which the binary eutectics 
Si-+ W and Si + CuAlp begin to separate out after the primary crystallization 
of Si is complete. 


The region of the secondary eutectic crystallization of MgsSi + Al is 
bounded at the bottom by five lines of tertiary crystallization: 1) four 
eutectic lines, at which the secondary crystallization of MgpSi + Al is followed 
by the separation of the ternary eutectics: a) MgoSi + Al + AlsMgp23 b) MgoSi + 
+ Al + T; c) MgoSi + Al + S along the line with the maximum-temperature point 
corresponding to the intersection of the cross section with maximum-temperature 
line SMgoSi in Fig. 7; and ad) MgoSi + Al + CuAlp in Fig. 7; and 2) the trans- 
ition line at which, after the secondary crystallization of MgoSi + Al, there 


begins the transformation of MgoSi according to the reaction: Liq. + MgoSi = 
= Al + W. 

The region of secondary peritectic crystallization Liq. + MgsSi = W 
is bounded at the bottom by a line of tertiary peritectic crystallization at 
which there begins the transformation of MgoSi in accordance with the four- 
phase reaction: Liq. + MgoSi =» Al + W, which previously took peer in accord- 
ance with the reaction Liq. + “MgoSi = W. 


The region of secondary eutectic crystallization Liq. == W + Ai is 
bounded by three lines of tertiary crystallization: 1) at the right by a trans- 
ition line, at which the transformation of MgoSi according to the peritectic 
reaction Liq. + MgoSi —= Al + W, which began at the curve that is the upper 
boundary of the temperature region of this reaction, is concluded; and 2) at 
the bottom by two eutectic lines, at which the ternary eutectics: W + Al + CuAls 
and W + Si + Al begin to separate out after the eee — 

Liq. <= W + Al is complete. 


The region of the secondary eutectic crystallization Liq. == Si+W 
is bounded at the bottom by two eutectic lines of terfiary crystallization, at 
which the ternary eutectics Si + W + Al and Si + W + CuAlo separate out after 
completion of the secondary crystallization Liq. = Si + W. 


The region of the secondary eutectic crystallization Liq. —= Si + CuAls 
is bounded at the bottom by two eutectic lines of tertiary crystallization, 
at which the ternary eutectics Si + CuAlo + W and Si + CuAls + Al begin -to 
separate out after the secondary crystallization Liq. = Si + CuAlo. 


On this cross section the solidus line is represented by the lines de- 
noting the end of crystallization of the ternary eutectics Si + CuAls + Al and 
MgoSi + Al + S and by five horizontal straight lines corresponding to three 
nonveriant eutectic crystallization reactions of the quaternary eutectics: 

a) Al + CuAlo + W+ Si; b) MgoSi + Al +S + CuAlp, c) MgoSi + Al + AlgMgo + T; 
and two peritectic transformations: a) Liq. + MgoSi <= Al + CuAls + W and b) 
Liq. + S = MgoSi + Al + T. 


b) Microphotography of the Cross Section 


The alloy with 32% Mg at the extreme right of the cross section is a 
ternary alloy belonging to the Al-Mg-Si system. According to Hanson and 
Gayler's structural diagram [8], it is in the region of the primary deposition 
of MgoSi. This primary crystallization within the alioy is followed by the 
separation of the binary eutectic ‘MgoSi + Al and, lastly, the ternary eutectic 


MgoSi + Al + AlsMgo. 


Fig. 18 shows the macrostructure of this alloy; it clearly discloses 
the liquation of the MgoSi by specific gravity. Lighter than the rest of the 
mother-liquid phase, the MgsSi separates out in the form of primary crystals 
that float and all congregate in the upper half of the ingot. As a result, the 
microstructure of the alloy varies, depending upon whether it represents the 
upper (Fig. 19) or the lower (Fig. 20) part of the ingot. 


The primary crystals of MgoSi are easily seen in the microphotograph of 
the upper portion of the alloy (Fig. 19); they are mostly surrounded by dendrites 
of aluminum. The rest of the microsection is filled with the AlsMgo phase, which 
is next to separate out. One gets the impression that there is no MgoSi + Al 
binary eutectic in the alloy. 


The background against which the crystals are shown is customary for 
the microstructure of binary hypoeutectoid alloys of Al-Mg. For the sake of 
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Pig. 18. 60°, Al, 32%, 
Mg, 8% Si. 


Fig. 19. 60%, Al, 32% Mg, 8% Si; Pig. 20. 60% Al, 32%/n Mg, 8% 
etched with 0.5% HF. x 10. etched with 05%, HF. x 190. 


Fig. 21. 80%) Al, 26% Mg; Pig. 24. 60%, Al, 36%, Mg, 8% Si; Pig. 25. 60%, Al, 30%, Mg, 8% Si; 
etched with 0.5% HF. 109. etched with 0.5%) HF. xX 100. etched with 0.5%, HF. x 100. 


Fig. 23. 60°/, Al, 8°’, Si; 
etched with 0.5%, HF. X 33). 


“Pig. S0°/, Al, 17%, Mg, 3%) Si; Fig. 27. 60%, Al, 30°/, Mg, 8% Sl; 
etched with 0.5%) HF. x 100. etehad vith 0.59/) HF. x 100, 
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comparison, a microphotograph of an alloy cf this sort with 20% Mg is shown in 
Fig. 21. Owing to the fact that the composition of the binary eutectic Al + 
AlsMg> (35% Mg) is very close to that of the compound AlsMg>= (37.6% Mg), which 
therefore constitutes the predominant portion of the eutectic (moreover, AlgMgo 
has a lower specific gravity and hence occupies a relatively large area on the 
polished section), the phases constituting the eutectic crystallize separately. 
The aluminum, which separates out at the eutectic temperature, crystallizes at 
the faces of its primary dendrites, prolonging them, whereas the AlsMgo solidi- 
fies thereafter, occupying the remaining free space. 


There are no primary crystals of MgoSi (cf Fig. 29) in the microphoto- 
graph of the bottom part of the ingot (Fig. 20). But the "crystals" of the 
binary eutectic MgsSi + Al, which are not present at all in the upper part of 
the ingot (Fig. 19), are clearly visible. The boundary at which the "crystals" 
of the binary eutectic MgoSi + Al vanish as we proceed from the bottom of the 
ingot toward its top, being replaced by the growing crystals of MgsSi, is very 
clearly marked. This is beautifully shown, for example, in the microphotographs 
of quaternary alloys with 30% Mg (Fig. 29) and 22% Mg (Fig. 35) along Cross 
Section I. 


In the upper half of the ingot the MgsSi that crystallizes secondarily 
is doubtless deposited at the faces of the crystals that were deposited primari- 
ly, so that there is not binary eutectic structure. The MgoSi that is depos- 
ited tertiarily also crystallizes at the faces of the primary crystals in the 
upper portion of the ingot, but in the bottom part of the ingot it crystallizes 
at the faces of the crystals that settled out during the crystallization of 
the binary eutectic. This evidently is the reason why the individual faces of 
the MgoSi dendrites are not surrounded by Al but are in contact with the AlsMgo. 


The liquation of the MgoSi by density does not affect the temperature 
or the course of the subsequent reactions that occur in the alloy as cooling 
continues, unless its crystals are transformed in a peritectic reaction (or 
form solid solutions). 


As a matter of fact, say, in the crystallization of the mixture m (Fig. 
22), the deposited crystals B are liquated, since they are of different density 
from the rest of the liquid phase. No matter whether all the crystals congre- 
gate at the bottom or the top part of the solidifying ingot or are uniformly 
distributed throughout its volume, the liquid phase will attain the composition 
of the point 1 at the temperature that corresponds to that point, and a binary 
eutectic will begin to crystallize throughout its volume. The structure of 
the alloy will merely differ in various parts of the ingot, as was the case 
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Fig. 23. 60%, Al, 30%, Mg, 3%, Si; Pig. 30, 66%, Al, 30°, My, 8%, Si; Piz. 31. €0%, Al, 28% Mg, 8% Si: 
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Matters are OR Se if the liquating phase (B) is transformed during 
the subsequent cooling, as, for example, in the case shown in Fig. 23. When 
the liquid reaches the point 1, it takes on the composition of the point 1 
everywhere, at the temperature corresponding to the point 1, as was the case in 
the instance just considered. But the reaction B + Liq. —W, which should take 
place after’ the’ primary. crystallization B; -will take place only in that region 
of the bath where the B crystals that first separated out are present. 


Let vs assume that after primary crystallization is complete, all the 
concentrations. from the point B to 1 are encountered along the section of the 
solidifying ingot, owing to the density liquation that takes place. In such a 
case it may be stated that the location of the point m will differ for different 
ingot sections. In the very top portion of the ingot, where the deposited B 
crystals are concentrated, it will lie near the point B, i.e., it will lie 
within the triangle VBC; in the lower layers it may lie within the triangle 
VPC or, lastly, within the region VPp. Finally, in the very bottom layers, 
where there are no B crystals at all, the point m will coincide with the point l. 


When that is so, it may happen that four different structures will be 
encountered in the ingot if cooling is rapid enough, depending upon whether: 
1) at the very top, the transformation of B ends with the four-phase reaction 
B + Liq. == V + C, with the liquid disappearing (i.e., the structure will cores- 
pond to that of the alloys within VBC) ; 2) in layers that are somewhat lower, 
the transformation of B will end with a four-phase reaction and the disappear- 
ance of B, but solidification will continue, with the binary eutectic V + € 
separating out along the curve PE, after which the ternary eutectic V+C+A 
will separate out (i.e., the structure will correspond to that of the alloys 
within VPC). Still lower down, the transformation of B will end in a three-phase 
reaction: B+ Liq. <= V, and solidification continues; or 3) with the. separa- 
tion of the binary eutectic along the curve PE, followed by that of the ternary 
eutectic V + C + A; or 4) the separation of the binary eutectic V + A along the 
curve e€,E, followed by that of the ternary eutectic V+C+#+A. 


In our case, such complex relationships during cooling, due to the 
liquidation of the MgoSi, can occur only in the concentration range from ~14 
to w7.4% Mg. In all alloys within the concentration range of 32 to 14% Mg, 
where the MgoSi is not transformed, its liquation cannot affect the succeeding 
equilibria. 


Now let us turn to further study of the alloy microstructure. 


The microstructures of an alloy with 30% mg are shown in Figs. 24-25 
and 27-350. According to the cross-section diagram, this alloy ought to solidify 
with the deposition of: 1) primary MgpSi crystals; 2) a binary eutectic MgoSi + 
-+ Al; 3) a ternary eutectic MgoSi + Al + T; and 4) a quaternary eutectic MgoSi + 
+ Al + T + AlsMgo. 


The microphotographs of this alloy, taken in the upper part of the in- 
got (Figs. 2k and 25) clearly show the MgoSi crystals formed, surrounded with 
aluminum crystallized in a binary eutectic with MgoSi. 


The ternary eutectic MgsSi + Al + T solidified in between the crystals 
of aluminum. In this structural component, only two phases Al and T are actually 
visible, and it wholly resembles the binary eutectic Al + T that crystallizes 
in the Al-Cu-Mg ternary system when no Si is present. 


For the sake of comparison, a microphotograph of the ternary alloy 
Al-Cu-Mg with 17% Mg and 3% cu is given in Fig. 26. According to the structural 
diagram of Al-Cu-Mg (Fig. 1), the Al + T binary eutectic (the dark constituent 
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in between the primary crystals — when etched with 0.5%HF, T is colored light 
brown, the thin light veins on the dark background being aluminum) crystallizes 
at this concentration after the primary deposition of Al. In the same section 
particles of AlsMgo (light) are also seen in between the primary crystals; they 
crystallize after the deposition of the binary eutectic, as is seen from the 
freely formed faces of the latter's "crystals". The AlsMgo particles are one 
of the components and the predominant constituent of the Al + T + AlgMgs ternary 
eutectic. There is very little T and Ai in this ternary eutectic. Both of 
these phases crystallize on crystals (T and Al) that had separated out previous- 
ly, which are in contact with the AlsMgo, as is clearly seen in the microphoto- 
graph. The crystallization sequence of the three phases in the eutectic is 
doubtless Al, T, and AlsMgp. 


As has already been stated, the ternary eutectic MgoSi + Al + T in the 
quaternary alloy (Fig. 25) actually consists of two phases: Al and T. The 
MgoSi in the ternary eutectic doubtless crystallizes on its grains that settled 
out earlier, which are usually in contact on their larger or smaller surface 
with the “rivers"' of Al + T. 


In this alloy, too, the AlsMgs phase constitutes a quaternary eutectic, 
crystallizing last in a nonvariant reaction as in the ternary alloy (Fig. 26), 
and solidifying in the remaining available spaces. This phase is visible in 
Figs. 24 and 25 as bright particles in between the crystals of aluminum, con- 
trasting with the dark T. The AlsMgo crystals are best seen in Fig. 27, which 
is a microphotograph of the bottom of the alloy. At the left of this figure 
it is seen that the AlsMgo is in simultaneous contact with the MgoSi, Al, and 
T (cf also Fig. 30). This is also seen in the microphotograph of the upper 
portion of the ingot (Fig. 25). 


The overall picture is clearer in the high magnification of Fig. 28, 
taken at the top of the ingot. 


Fig. 29 is a microphotograph of an alloy with 30% Mg at the boundary 
of the liquation zone. Primary crystals of MgoSi are visible at the top, but 
absent at the bottom; there we see, however, the well-formed "crystals" of the 
binary eutectic Al + MgoSi. 


The microstructure of an alloy with 28% Mg (Fig. 31) is in no way 
different from that of an alloy with 30% Mg, which has just been discussed 
in detail. 


In an alloy with 26% Mg (Fig. 32) a ternary eutectic MgoSi + Al +S 
crystallizes after the primary crystallization of MgoSi and the separation 
of the binary eutectic MgoSi + Al. In this ternary eutectic, as in the pre- 
ceding one, MgoSi is not clearly visible, continuing to grow along the surfaces 
of previously deposited crystals during the crystallization of the ternary 
eutectic. Alongside the gray grains of S in the eutectic we can see the small 
grains of Al (quite bright). They partly adjoin the crystals of MgoSi. The 
ternary eutectic is surrounded by Al +.T, formed in the nonvariant reaction 
S + Liq. == MgeSi + Al + T and in the ensuing four-phase reaction Liq. == MgoSi + 
+ Al +T. We also see particles of AlgMgo (at the top of the figure), their 
presence indicating that the alloy solidified completely during the formation 
of the quaternary eutectic: Liq. =» MgoSi + Al + T + AlsMgo. 


In the alloy with 22% Mg (Figs. 33-35) the transition from S to T does 
not take place. Its structure comprises: the primary crystals of MgoSi (in 
Fig. 33, showing the upper portion of the ingot); the binary eutectic MgoSi + 
Al (in Fig. 34, showing the bottom of the ingot); and the ternary eutectic 
Mg2Si + Al +S, from which the MgzSi is deposited as before, either on the 
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Pig. 47. GO%, Al, 12%) Ma, 8% Si; 
etchet with 10%, NaOH 80°C. x 100. 


Fig. 50. 60% Al, 16% Mg, 8% Si; 
etched with NaOH 80°C. x 100. 


Pig. $3. 60%, Al, 99/, Mg, Si; etched 
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etched with 10% NaOH 80°C. x 100. 
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crystals first deposited (Fig. 33) or on the crystals formed during seccndary 
crystallization (Fig. 34). The boundary of the MgoSi liquation zone is show _. 
in Fig. 35. According to the solidification diagram (Fig. 9), the alloy solidi- 
fies completely with the formation of three phases, MgoSi, Al, and S, the com- 
ponent parts of the ternary eutectic. 


The structure of an alloy with 20% Mg (Figs. 36 and 37) is in no way 
different from that of the preceding alloy, constituting a conglomerate of 
three structural constituents: 1) primary crystals of MgoSi; 2) the binary 
eutectic MgoSi + Al; and 3) the ternary eutectic MgoSi + Al + S. . 


In the alloy with 19% Mg (Fig. 38), there appears, in addition to these 
three structural constituents; a quaternary eutectic MgoSi + Al + CuAls. The 
polished section was etchea’with NaOH at 80°. The CuAlsa in the quaternary 
eutectic is black (light brown under the microscope). 


The dendrites of aluminum are now hard to distinguish against the 
general background of the polished section, since they are speckled with fine 
deposits of CuAlz (black), formed during the cooling of the alloy as the result 
} of the disintegration of the solid solution. This disintegration phenomenon 
is also observed in alloys with higher percentages of Mg, in which § is the 
disintegration phase, but in the microphotographs these S particles are not 

visible within the aluminum dendrites, as they have almost the same color as 
the latter. 


The structure of the quaternary eutectic MgoSi + Al + S + CuAlo is 

i readily seen in the high magnification of Fig. 39. It is not at all different 
f from that of the ternary eutectic Al + S + CuAls in the ternary alloys Al-Cu-Mg 
q (cf the microphotograph of a ternary alloy Al-Cu-Mg with 4% Mg in Fig. 40). 

; In this structure three phases: Al, S, and CuAlsa, are closely intermixed. The 
MgoSi crystallizes out of the quaternary eutectic separately from its other 
constitutnt phases: 


; In an alloy with 17% Mg (Figs. 41 and 42) the structural constituents 
are the same as in the alloy with 19% Mg, except for the ternary eutectic, 

} which now consists of MgoSi + Al + CuAlo. It is readily visible in the micro- 
photographs. The liquation of MgoSi is found as before. The microphotographs 
of Figs. 41 and 42 are the upper part of the ingot and the bottom part, respec- 
q tively. 


t The alloy with 14% Mg is nearly on the Al-CuAlp-MgoSi plane. It con- 

tains only three phases: Al, Cuals, and MgoSi. In the microphotograph (Fig. 
43) of the bottom portion of the ingot there are accordingly visible: the bi- 
nary eutectic MgoSi + Al and the ternary eutectic MgoSi + Al + CuAlp. 


In the alloy with 11.5% Mg, the MgoSi still crystallizes first (Fig. 
4h) as before, but a transition reaction occurs during secondary crystalliza- 
tion: MgoSi + Liq. == W. There is no more of the binary eutectic MgoSi + Al 
in the alloy (Fig. 45, bottom of the ingot). 


The transition from MgoSi to W is clearly visible in the microphotograph 
; of Fig. 44, as well as in the high magnification of Fig. 46. 


Now the liquation of MgoSi results in the structure of the bottom of 
the ingot being completely different from that of the ingot's top. The 
MgoSi.+ Liq. == W reaction cannot take place at all at the bottom of the liquid 
bath, inasmuch as all the MgoSi floated to the top at the beginning of this 
reaction. Then crystals of W will be formed as was demonstrated for the ter- 
nary system (cf Fig. 23 above), and the entire subsequent course of crystalliz- 

ation will be such as if the composition of the alloy corresponded to the point 
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of intersection of the MgoSi and W secondary crystallization curves (at about 
7.4% Mg) in Fig. 9, the cross-section diagram, i.e., 


1) Liq. = W, 

2) Liq. == W+ Al, 

3) Liq. == W+ Al + CuAla, 

4) Liq. ==W + Al + CuAlo + Si. 


Accordingly, the primary separation of W, the binary eutectic W+ Al, 
the ternary eutectic W + Al + CuAls, and a small quantity of the quaternary 
eutectic W + Al + CuAls + Si are actually visible in the bottom region (Fig. 
45). In the upper portion of the ingot (Fig. 44) the W is visible principally ~ 
near the MgpSi crystals, which it partially surrounds, but no Si is seen at 
all, which testifies to the absence of a quaternary eutectic. Hence, solidi- 
fication ends here with a five-phase transitional reaction: MgsSi + Liq. = 
=> W + Al + CuAlo with complete disappearance of the liquid phase. 


The structure of the bottom of an alloy with 10% Mg (Fig. 50) is the 
same as that of an alloy with 12% Mg (Fig. 47). The veins of the quaternary 
eutectic with Si are more clearly visible. Fig. 49 is a microphotograph of — 
the top part of this ingot. 


The structure of an alloy with 9% Mg (Figs. 51 and 52) differs in no 
essential particular from that of the preceding ones, except for more W and 
less MgoSi. The structure of the quaternary eutectic is shown in Fig. 53, 

a microphotograph of this alloy. 


In an alloy with 8% mG, MgoSi is the first to crystallize as before 
(cf. Fig. 54). “There is no Si present at all where the MgoSi + Liq. ==W 
reaction takes place. 


But at 7% Mg the first phase to crystallize is W (Fig. 55). Then 
W + Al crystallizes, followed by W + Si + Al and, lastly, W + Al + CuAls + Si. 


‘The structure of an alloy with 6% Mg does not differ from that of the 
previous one. Fig. 56 is a microphotograph of this alloy after etching with 
10% NaOH. 


The rest of the cross section can be examined conveniently, beginning 
with the extreme, ternary alloy Al-Cu-Si (without any Mg). 


Figs. 57 and 58 are microphotographs of this alloy. In this alloy 
Si is the first to crystallize (Fig. 57). Si is liquated like the MgpSi, 
collecting in the upper portion of the ingot (cf. Fig. 59 for the macrostruc- 
ture). But since Si does not undergo peritectic transformations, it causes 
no disturbance of the equilibrium during cooling. The primary crystalliza- 
tion of Si is followed by the crystallization of the binary eutectic Si + CuAlo 
and then by that of Si + CuAls + Al. 


Both structural components are readily seen in the microphotographs of 
the top (Fig. 57) and the bottom of the alloy (Fig. 58). 


When 1% Mg is added to a ternary Al-Cu-Si alloy, no new phases make 
their appearance. The structure remains the same (Figs. 60 and 61). Hence, 
the concentration -of the alloy still remains in the three-phase region Si + 
+ CuAls + Al as before, owing to the formation of solid solutions. 


At 2% Mg (Fig. 64) a new phase appears in a quaternary eutectic. This 
is the quaternary phase W. The rest of this alloy's structure does not differ 
from that of the alloy with 1% Mg. As before, the Si, which is first to :° 
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crystallize, is liquated (see Fig. 62 for the top of the ingot and Fig. 64 for 
its bottom portion). 


In an alloy with 4% Mg (Fig. 65) the first to crystallize is the Si, 
as before, followed by the binary eutectic Si + CuAla, the ternary eutectic 
Si + CuAls + W, and the quaternary eutectic Si + CuAle + W + Al. 


II. Cross Section II: 2% Si on the 80% Al Plane 


The location of this cross section on the plane is shown in Fig. 5, 
together with an indication of the compositions of the alloys investigated. 
The cross-section diagram is given in Fig. 10. 


F fost of the cross section passes through the region of the primary 
crystallization of Al, being hypereutectic with respect to Al only at the right, 
between 16 and 18% Mg. 


It differs but little from the preceding section below the line of 
secondary eutectic crystallization of Al + MgoSi. 


The region of the secondary eutectic crystallization of Al + CuAlsa is 
bounded at the bottom by three lines of tertiary eutectic crystallization, at 
which the separation of the ternary eutectics: a) Al + CuAlo + MgpSi, »b) 

Al + CuAlp + W, and c) Al + CuAlp + Si, takes place after the secondary crys- 
tallization. 


The transformation of MgoSi into W at the cross section is confined to 
only one nonvariant reaction: Liq. + MgoSi == Al + CuAlsa + W on the horizontal 
located between~ 2 andw~ 3.6% Mg. 


III. Cross Section III: 0.2% Si on the 80% Al Plane 


Fig. 11 is the diagram of this cross section. The location of the 
cross section on the plane is shown in Fig. 5. 


The cross section is hypoeutectic with respect to Al. Accordingly, the 
curve of primery crystallization is a smooth curve on this cross section. Be- 
cause of the fact that the nonvariant points Es, Py, and FE, (cf Fig. 3) lie 
close to the Al-Cu-Mg face of the tetrahedron, this cross section, like the 
preceding ones, does not traverse the region of the secondary crystallization 
of Al with the phases AlsMgo and T, located at the Al-Cu-Mg face of the tetra- 
hedron (cf Fig. 5), but crosses the region of the secondary crystallization of 
Al with phase S, located at the same face, only near the line of maximum temp- 
erature (Fig. 3). 


We omit a more detailed description of the section inasmuch as it is 
self-evident after the description of the two preceding cross sections. 


IV. Cross Section IV: 0.2% Si on the 70% Al Plane. 


The location of the cross section on the plane is shown in Fig. 6. Fig. 
12 is the diagram of that part of the section which we investigated. 


This section, in contrast tothe two preceding ones (on the 80% Al plane), 
traverses the region of the secondary crystallization of Al with the phases S, 
T, and AlgMgs, located. at the Al-Cu-Mé face of the tetrahedron (cf Fig. 6). 


V. Cross Section V: From 5% Cu_and 5% Si _ to Of Cu and 8% Si on the 90% Al Plane 


The diagram of the cross section is given in Fig. 13, while its loca- 
tion on the plane is shown in Fig. }. f . 
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The cross section lies within the region of the primary crystalliza- 
tion of Al and the region of the secondary crystallization of Al + Si. It is 
one of the simplest of those investigated by us. The curve of the tertiary 
crystallization consists of three intersecting eutectic branches, along which 
the seperation of the ternary eutectics: Al + Si + Mg-Si, Al + Si +W, and 
Al + Si + CuAlp begins after secondary crystallization is complete. Two horiz- 
ontals on the cross-section diagram represent nonvariant equilibria: Liq. + 
+ MgoSi == Al + Si +W and Liq. => Al + Si + W + CuAloa. 


VI. Cross Section Vi: 4% Mg on the 90% Al Plane ; 


Fig. 14 is the diagram of the part of the cross section that we inves- 
tigated; Fig. 7 shows the location of the section on the plane. 


- This-cross section lies in the region of the primary crystallization of 
Al and the region of the secondary crystallization of Al + MgoSi. 


The curve of tertiary crystallization consists of three intersecting 
branches: 1) the eutectic: Liq. => Al + MgoSi + Si; 2) the peritectic: Lig. + 
+ MgoSi == Al + W; and 3) the eutectic Liq. = Al + MgoSi + CuAlo. 


The three horizontals represent the following nonvariant equilibria: 
1) Liq. + MgoSi == Al + Si +W, 2) Lig. + MgoSi == Al + CuAla + W, and 
3) Liq. == Al + MgoSi + CuAlo + S. 


VII. Cross Section VII: From 17.3% Cu ana 2.5% Mg to 
18.5% Cu and 0% Mg on the 80% Al Plane 


The cross-section diagram is given in Fig. 15, and the location of the 
section on the plane in Fig. 5. 


The whole cross section lies within the region of the primary crystal- 
lization of Al and within the region of the secondary crystallization of 


The line of tertiary crystallization consists of three intersecting 
eutectic branches, at which the separation of the ternary eutectics: Al + CuAlo + 
+ MgoSI, Al + CuAloa + W, Al + CuAlp + Si begins after the secondary crystal- 
lization of Al + CuAlpa is complete. The three horizontals correspond to the non- 
variant equilibria: Liq. =» Al + CuAla + MgeSi +S; Liq. + MgsSi == Al + CuAlo + 
+ W; Liq. —= Al + CuAlo + Si + W. 
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VIII. Cross Section VIIt: 46.5% Cu at the 50% Al Plane 


Fig. 16 is the cross-section diagram; the location of the section on 
the plane is show in Fig. 8. 


The whole cross section passes through the region of primary crystalliz- 
ation of CuAls. The line of secondary crystallization consists of four inter- 
secting eutectic branches, at which the crystallization of the binary eutectics: 


CuAla + S, CuAlp + MgoSi, CuAla + W, and CuAls + Si begins after the primary 
crystallization of the CuAlo is complete. 


The region of the secondary crystallization of CuAls + S is bounded at 
the bottom by two eutectic lines of the tertiary crystallization of CuAlo + S + 
+ Al and CuAls + S + MgoSi. 


The region of the secondary crystallization of CuAlo + MgoSi is bounded 
at the bottom by two eutectic lines of tertiary crystallization: CuAlp + S + 
+ MgoSi and CuAlsa + MgoSi + Al, and by the transitional line at which the MgoSi 
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that separates out during secondary crystallization is transformed into W in ac- 
cordance with the reaction: Liq. + MgoSi = CuAlo + W. 


The region of the secondary crystallization of CuAla + W is bounded 
by three lines of tertiary crystallization: at the right by a transitional 
line at which the transformation Liq. + MgeSi == CuAlo + W, which began at the 
curve that is the right-hand boundary of the region Liq. + CuAls + MgoSi + W, 
is concluded, and by two eutectic lines: Liq. == CuAlp + W + Al, and Liq. = 
=<>CuAlo + Si + W. 


The region of the secondary crystallization: Liq. == CuAla + Si is 
bounded at the bottom by two eutectic lines cf tertiary crystallization: 
Liq. == CuAlo + Si + W and Liq. = CuAla + Si + Al. 


The three horizontals on the cross section correspond to the following 
nonvariant equilibria: 


Liq. <= CuAlo + MgoSi +S + Al, 
Liq. + MgoSi CuAlp + Al + W, 
Liq. CuAlo + Al + W + Si. 


IX. Cross Section IX: From 35% Cu and 15% Si to 16% Mg and 
34% Si on the 50% Al Plane 


The location of the cross section on the plane is shown in Fig. 8. 
The cross-section diagram is given in Fig. 17. 


The whole cross section lies within the region of primary crystalliz- 
ation of Si. The line of secondary crystallization consists of three inter- 
secting branches: Si + MgpSi, Si + W, and Si + CuAlp. 


The region of the secondary crystallization of Si + MgsSi is bounded 
at the bottom by two lines of tertiary crystallization: the eutectic'Liq. = 
<> Si + MgoSi + Al and the transitional line Liq. + MgoSi = Si + W. 


The region of secondary crystallization of Si + W is bounded at the 
right by a transitional line at which the reaction: Liq. + MgoSi = Si + Wis 
completed, and at the bottom by two eutectic lines: Si + W + Al and Si + —- 
CuAls + W. 


The region of secondary crystallization of Si + CuAlp is bounded at the 
bottom by two eutectic lines of tertiary crystallization: Si + CuAls + W, and 
SL + CuAls + Al. 


The two horizontals on the cross section represent the following non- 
variant equilibria: 


Liq. + MgoSi == Si + Al +W and 
Liq. = Si + Al + W + CuAlo. 


SUMMARY 


1. The structural diagram of the Al -Cu - Mg - Si system has been con- 
structed from the physico-chemical analysis by thermal and microscopic methods, 
of nine linear cross sections of its tetrahedron. 


2. Six nonvariant equilibria have been found at the aluminum vertex of 
the system: 


| 
| 


| 


1. Lig. Al + MgoSi + T+ AlgMgo 


2. Liq. <= Al + MgoSi + CuAlo + S at 500° 
3. Liq. =>Al + Si + CuAlo + W at 505° 
4. Liq. + S == Al + MgoSi+T at 464° 
5. Liq. + MgoSi =* Al + CuAla + W at 510° 
6. Liq. + MgoSi <> Al + Si+W at 521° 


corresponding to six secondary tetrahedra formed at the aluminum vertex of the 
system. 

The nonvariant points corresponding to the lst, 2nd, and 4th equilibria 
are close in their compositions to those of the corresponding nonvariant points 
of the ternary system Al - Cu - Mg and closely adjoin the Al - Cu - Mg face of 
the tetrahedron, their distance from the face being 0.3 to 0.45% Si. The tem- 
peratures corresponding to these nonvariant points are practically identical 
with the temperatures of the ternary points in the Al - Cu - Mg system, their 
difference being of the order of 1-2°. 


The three other nonvariant points are also generally shifted toward the 
Al - Cu - Mg face of the tetrahedron. 


3. The quaternary phase W found in the system, with the approximate 
composition of Al,CusMgsSi4,, is formed from MgaSi by a peritectic reaction. 


Accordingly, its composition lies outside the region of its primary 
crystallization. 


4, The results of our research indicate that when alloys at the aluminum 
vertex of the Al - Cu - Mg - Si system are investigated, allowance must be 
made not only for the presence of the phases that exist in the Al - Cu - Mg, 
Al - Mg - Si, and Al - Cu - Si ternary systems, but also for the existence of 
the quaternary phase W. 


The authors wish to express their profound gratitude to Academician 
G.G.Urazov for his valuable counsel and instructions during the performance 
of this research and for his unflagging interest. 
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ALUMINA FOR CHROMATOGRAPHIC ADSORPTION 


AND A CHARACTERIZATION OF ITS ACTIVITY 


S. Kaplan and F. Meller 


8. Ordzhonikidze All-Union Research Institute of Pharmaceutical 
Chemistry (VNIKbhFI) 


I 


In recent years chromatographic adsorption has been more and more widely 
employed in the purification and separation co mixtures of different substances. 


This is indicated by the employment of chromatography in numerous re- 
search projects on glucosides, alkaloids, antibiotics, vitamins, hormones, and 
the like, as well as by its use in projects devoted to research on the Process 
of chromatographic adsorption itself. 


Worthy of first mention is the monograph by the founder of chromato- 
graphic adsorption M.S.Tsvet. {1]} which is the classic work in this field. 
Then there are several survey articles [2] and monographs, in addition to a 
large number of papers dealing with research into the mechanism of the phenom- 
enon of chromatographic edsorption [3]. 


Substances of the most diversified class of compounds are employed as 
sorbents for chromatography (cf the literature cited above). The most widely 
used, however, is alumina. 


The peaper by Brockmann and Schodder [4] describes the method of pre- 
paring chromatographic alumina of varying activity. According to Brockmann, 
however, the conditions for performing these operations are so indefinite that 
they cannot ensure the production of the desired reproducible results. That 
is why we undertook the development of a method of preparing chromatographic 
alumina of differing degrees of activity and provided a characterization therof. 


II 


If we start with aluminum hydroxide, the entire process of preparing a 
chromatographic alumina consists of three stages: the first stage involves the 
grinding of the initial hydroxide and then screening it to obtain a homogeneous 
powder of the requisite finaness. Then this powder is subjected to heat treat- 
ment at a suitable temperature to provide a sorbent of maximum activity. Fin- 
ally, the active alumina is dampened in one way or another to produce a sorbent 
whose activity has been reduced to the extent desired. 


In the present research our initial material was the so-called “catal- 
ytic alumina,'' employed to dehydrate alcohol in the synthesis of ethylene. 
According to analysis performed in the analytical section of the All-Union Re- 
search Institute of Pharmaceutical Chemistry, samples of this material procured 
at different times possessed 2.7 to 4.8% moisture (determined by drying at 110° 
until constant weight was reached) and 3. 002 to 0.01% of bese metals. 
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The large pieces were crushed in a porcelain mortar, after which the 
product was passed through the following silk screens: Nos. 29, 50, and 60.° 
This yielded 3 fractions, chsracterized by the following grain size, measured 
under the microscope: 


Fraction 2.......-..0.097 mm 
Fraction 3..........0.044 mm 


The measurements were made with an ocular micrometer. They indicated 
that the powder was fairly homogeneous within the limits of each fraction. 


As we know, alumina can be obtained in various modifications. According 
to the literature, the highest activity is manifested by ene which is pre- 
pared by dehydrating precipitated Al(0H)3 in a vacuum at 600°. 


Other authors, however, subjected alumina to treatment at lower tempera- 
tures, namely, 300-400°, in preparing it for use in chromatographic adsorption. 
In the paper by Brockmann and Schodder [4] the temperature is not stated at all. 


After several preliminary tests at various saa teats: we settled on 
the temperature of 300° for activation. 


The powder was placed in a layer 5 mm thick in an aluminum tray, placed 
in a muffle furnace. The temperature of the furnace was first raised to 300°, 
and then not allowed to vary from that temperature by more than +5° for taree 
hours. After activation was complete, the tray with its powder was transferred 
to a phosphorus=pentoxide exsiccator. The activated alumina was stored in 
bottles with paraffined stoppers. 


IV 


Numerous research papers in which chromatographic adsorption is used 
refer to one or another activity group of the alumina used, as measured by 
Brockmann. Brockmann andSchodder, in their paper [4], describe their method of 
preparing aluminum oxide of various degrees of activity. This method entails 
leaving the alumina, after heat treatment, in open ed to be dampened by atmos- 
pheric moisture. 


It is evident that it is extremely difficult to produce a high-quality 
sorbent of the requisite activity in this way. 


Nor can the method of deactivation proposed in a British patent [5] 
guarantee the production of a sorbent of homogeneous activity. According to 
this patent, 1 to 10% of water is added to the activated alumina after it has 
cooled, followed by stirring until a homogeneous deactivated mass is obtained. 


The need was therefore apparent for the development of a method for the 
deactivation of alunina that would ensure the attainment of reproducible results. 
The essential conditions for this are: 


1) Deactivating the alumina within a closed space at constant air 
moisture. 


2) Careful stirring of the powder during deactivation. 


We designed an apparatus that ensures the production of a sorbent with 
a& high degree of homogenéity as far as activity is concerned and with satisfac- 
tory reproducibility of our experimental results. 


The apparatus, shown schematically in Fig. 1, consists of a drum l, 
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“the screén nuaber denotes the hunber of holes per running centimeter. 


\ 
revolving et a fixed speed on shaft 2, within the housing 3, which is closed by 
the cover 4. A small amount of water is poured into the bottom of the housing, 
the water temperature, which is kept constant, being measured by the thermometer 
5. The drum has round holes 6 in both ends. Fixed vanes 7 that are perforated 


all over their surface are attached to the inside wall of the drum.. The alumina 
to be moistened is charged into the drum, and as the latter rotates within the 
closed housing, the alumina spills from one vane to another through the holes in 
the vanes, being moistened as it does so by the water vapor that saturates all 
the air in the housing. Glass windows 8 are fitted into the two end walls of 
the housing, parallel to the ends of the drum, to facilitate observation of the 
apparatus's operation. The apparatus is made of tinned copper. 


In our tests 25 ml of activated sorbent (Fraction 2) was charged into 
the drum. The temperature of the water inside the housing was kept at 20° 
(+ 1°). Samples of the sorbent were taken from the apparatus at fixed intervals 
to be tested chromatographically and to have 
their moisture content determined. 


a) 


Table 1 

Moisture was determined by drying the 

Duration of Moisture con- sample at 105-110° until constant weight 
moistening, min. | tent, percent was reached. 


The results of moisture determinations 
of the samples as a function of the moisten- 
‘ing time are listed in Table 1. These are 
the results of 8 tests of varying duration. 
Two samples were taken from each of two suc- 
cessive tests, the duration being the same 
for the two samples. The discrepancy be- 
tween the two samples did not exceed 0.5% 
moisture content. 


O 


These results are presented graphically 
in Fig. 2. As the graph indicates, the 
Variation of the amount of water adsorbed 
by the. alumina with the moistening time is represented by a straight line under 
the conditions of our experiment, within the renge of the moisture content 
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achieved: up to 12%. The maximum deviation of the individual points from 
the straight line (two instances) is 5%. 


In addition to the mositure-con- 
tent determination, the moistened sam- 
ples of alumina were tested chromato- 
graphically by the Brockmann method. 


This was done by preparing solu- 
tions of two dyes in the combinations :« 
set forth in Table 2. 0.04 g of each 
dye was taken per 100 ml of solution. 

A 1:4 mixture of benzene and gasoline 
was used as the solvent. 
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We procured the dyes from the 
Pigment and Dye Research Institute. 
Each of them was tested for the absence 
of any foreign impurities by dissolving 
it in the foregoing solvent and then 
passing it through the column with the 
alumina of the corresponding activity. 
These tests showede that the dyes used 
by us were free of all foreign impurities. 


Moistening Time (Min) 
3 


a 


S 


The benzene, subjected to prelim- é 10 
inary desiccation over calcium chloride, Mersture in Glumina(%) 
was then distilled into a column. The 
fraction with a b.p. of 80° was used in Fig. 2 
our tests. 


The gasoline had a b.p. range of 50-140° after analogous treatment. 


The performance of chromatographic tests is fully described in the lit- 
erature; various authors have modified the process to fit the sorbents they 
used and the substances they were investigating. 


We performed these tests as 
follows in the present research. 
Brockmann Dye and its location in project. 


activity the alumina column A tebe 20 am 


Group 250 mm long, drawn out at one end, 
1 Methoxyazobenzene (top) is attached through rubber tubing 
Azo benzene to a vessel fitted with a side drain. 
The vottom of the wide part of the 
Sudan Yellow (top) tube is filled with absorbent cotton, 
the upper part being filled with 
Sudan Red (top) filter paper. Then alumina (Fraction 
Sudan Yellow ; 2) is poured into the tube, while the 
sides of the latter are continuously 
(top) tapped, until it forms a layer 50 m 
high. Special tests have shown that 
Hydroxyazobenzene (top) when the column is filled in this 
Aminoazobenzene manner, it is densely packed, and 
that pressing down on the packing 
with a wooden rod does not increase 
the density of this sorbent any further. A circle of filter paper is placed 
on the surface of the sorbent. 


Methoxyazobenzene 
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tion between them; this 


The column prepared in this manner is wetted with the solvent (benzene 


5 mm from the sorbent layer. 
solvent in the tube is less than 1 m. 
at a time, so as to keep its level constant. 
that these conditions were indispensable to obtain reproducible and comparable 
results. 


_ + gasoline), which is poured into the tube in small batches at a time. 
' @ropping funnel containing 5 ml of the dye solution is placed in the top of 
the tube in such a fashion that the lower end of the funnel stem is about 
Adding the solution is begun when the layer of 
The solution is added evenly, a drop 
A series of tests convinced us 


Then a 


After all the solution has passed through the column, colored zones 
form in the upper section of the column, but the demarcations between the colors 
are not distinct enough. These zones are "developed" to attain clearer demarca- 


through the column. 


After development is complete, the receiver is connected to a water-jet 
pump, and air is sucked through the column for some time at low speed, after 
which the test is considered over. 


Table 3 gives the results of our chromatographic tests of the alumina 
moistened in our apparatus to various degrees of moistness. 


Sample moisture Dye from top to bottom) ] 
content, % solution 

mm 
III Dirty Bordeaux 
5. Violet .ccccces 6 
Rose-yellow ... 6 
6.3 III White 
6 
Rose-yellow.... 6 
7 Ir 3 
Violet. 13 
Rose~yellow 8 
8 
cocceves 
13 
10 V Bright yellow . 3 
White. 2 
Pale yellow... 9 
11.5 V Bright yellow. 5 
White .cccocses 7 
Pale yellow ... 9 


s 5. 


as 9. 


tent is a straight line, as shown in Fig. 3. 


TABLE 3 


consists in passing the solvent (gasoline + benzene) 


Remarks 


No separation 


Distinct separation 


Sharp separation 


Zones diffused 


Distinct separation 


Sharp separation 


Sharp separation 


Sharp separation 


a we take the moisture content of the alumina of the 3rd activity group 
-5%, that of the 4th group as 7.5 + 0.5%, and that of the 5th group 
-5%, the graph of the variation of | sample activity with moisture con- 


+0 


If we assume that this function 


is linear throughout the activity range, we can establish the moisture that the 
alumina of the first two activity groups must have with an accuracy that suffices 


7 
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for this procedure (we were unable to estabiish these values by color separation 
owing to the unavailability of methoxyazobenzene). Our results, experimental 
as well as those obtained by graphical extrapolation, are listed in Table 4, 


It is a matter of course that 
the foregoing method can be used to 
prepare alumina of any desired activity, t 
in between any two groups, as well as 
an alumina whose activity extends 
beyond the limits of this series. 


TABLE 4 


We 


Sample moisture | Brockmann activity 
ou 


1 (extrapolated) 
2 (extrapolated) 


3 


% 


Brockmann activity grou 


56789 
SUMMARY of alumina (%) 


1. A method has been developed 
for producing chromatographic alumina i 
of varying degrees of activity, corres- Fig. 3 
ponding to the Brockmann activity groups. 
This method, which consists of moistening 
the alumina in an apparatus of special design, ensures the production of a sorb- 
ent with s high degree of homogeneity as far as activity is concerned, together 
with satisfactory reproducibility of results. 


2. It has been shown that the activity of the sorbent produced by this 
method can be found by simply determining its moisture content instead of 
the comparatively complicated Brockmann method of determining its activity 
group by means of dyes, which are not available everywhere. 
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POLAROGRAPHIC INVESTIGATION OF COORDINATION COMPOUNDS 


OF ZINC AND HYDROXYL 


I. A. Korshunov and E. F. KhRulkova ' 


Gorky state University 


The action of alkalies upon zinc hydroxide is accompanied by the entrance 
of the precipitate into solution and the formation of complex anions of varying 
composition. In some cases the salts that correspond to these anions have been 
isolated in the pure state. 


Stachelberg and Freyhold used the polarographic research method to determine 
the composition of the complex anion [1]. These authors found a relationship 
between the wave potential of zinc reduction and the concentration of sodium hy- 
droxide in solution ranging from 0.1N to 4.0N. They used a 0.1N solution of 
potassium nitrate as the auxiliary indifferent electrolyte. The coordination 
number of the complex anion was found to be 4, and the instability constant was 
found to be 1.3°10727, 


As these authors investigated this reduction over an extremely wide range 
of alkali concentrations and at intervals of 0.5 N, it seemed to us to be desir- 
able to try to confirm the presence of complex anions of other compositions in 
the solution. There is no doubt that equilibrium is set up between the complex 
anions formed and the free hydroxyl ions, the position of this equilibrium 
shifting to one side or the other, depending on the alkali concentration. It 
is quite possible for complex anions of zinc,with a smaller percentage of hydroxyl 
ions, to be formed in solutions that are comparatively poor in hydroxyl ions, 
and, conversely, the composition of the complex anion may be more complicated 
at high alkali concentrations. 


We investigated the reduction of zinc from a solution of its sulfate in 
the presence of 0.01N sodium sulfate and of various quantities cf sodium hydrox- 
ide. The alkali concentration was varied from 0.2N to 2.0N in steps of 0.1N to 
O.2N. The zinc concentration was taken as 0.001N. In every test, the dissolved 
oxygen was blown out by e current of hydrogen. Reduction of zinc from alkaline 
solutions of higher concentration than 2.ON indicated that in this case the zinc 
waves grow smaller, and, moreover, have a quite truncated top, which makes it 
impossible to measure the half-wave potential of reduction with any degree of 
accuracy. In these solutions, the equation of the polarographic wave: 


| 


II = lg (1) 


does not hold good, apparently because of the irreversibility of the process of 
reducing zinc from the coordination compound and the slow dissociation of the 
latter. 


Our measurements were made at temperatures of 0, 20, and 30° (+ 0.1°) with 
a mercury drop electrode of usual design. 


A saturated calomel electrode was used as the anode, connected to the 


electrolyzer through an intermediate solution by means of an agar-agar bridge 
with potassium chloride. A visual device, enablingus to compute the current 
directly on the galvanometer scale was used to plot the polarogram. The cathode 
potential was measured to the nearest millivolt by a compensation method. 


We were able to establish that a linear relationship exists between the 
half-wave potential and the logarithm of the oe of the hydroxyl ions,. 
described by the following equations: 


II'- 0.09 lg a,,- (2) 


at.‘all three temperatures for alxali concentrations from 0.1N to 1N, with II' 
= 1.455 for 0°, 1.460 for 20°, and 1.463 for 30°; and by 


(Ily,), =~ — 0.12 1g (3) 


for sodium hydroxide concentrations of 1.1N to 2.0N, where II' = 1.457 for 0°, 
1.462 for 20°, and 1.466 for 30°. 


When we compare these equations with the anima for the shift of 
the half-wave potential in the formation of a coordination compound [2]: 


we see that the coordination number of the coordination compound is 3 and 4 
for the limits of alkali concentration specified above. 


Thus the composition of the coordination compound in the solution de- 
pends on the alkali concentration, the composition of the inner sphere of the 
complex anion growing more complicated as the alkali concentration rises. 


At an alkali concentration of about 1.1N, the concentrations of both 
forms are commensurable, and the coefficient of the logarithmic term of 
Equations (2) and (3) changes from 0.09 to 0.12. 


To find the instability constant of coordination compounds of zinc with 
hydroxyl ions we employed the equation for the shift of the half-wave potential 
during the formation of coordination compounds. [2]: 


Je = lg ko -p- 2.3 a. (5) 


(TIy, Jes the half-wave potential of zinc reduction from a solution containing 
sodifm sulfate, was measured by us and found to be 1.00 volt. With this value 
and Equations (2) and (3) we calculated the instability constants of coordination 
compounds with coordination numbers 3 and 4 at temperatures of 0, 20, and 30°. 
The results of this calculation are listed in the table. 


Instability Constants of Coordination Compounds 
of Zinc and Hydroxyl at Various Temperatures 


| 1.45°10727 | 1.38-10725 | 3.54-10726 
| 1.23°10 | 1.12°10 28 | 2,82-10726 


€ 


The table shows that the stability of the complex anion rises somewhat 
as the coordination number is increased. Rising temperature lowers the stabil- 
ity of the complex ions, however. -The.change in the instability constant with 
temperature made it possible to determine the heat of formation of the complex 
anion of zinc and hydroxyl. As the temperature limit is not very high, and 
there are only three values of the constant for different temperatures, calcu- 
lation of the heat of formation yields only an approximate value, 18,000 cal 
per mole of the coordination compound formed. 


SUMMARY 
1. The reduction of zinc from solutions containing hydroxyl ions was 
investigated; it was found that complex ions with coordination numbers 3 and 4 
are formed. ; 


2. The instability constants of the coordination compounds are of the 
order of 1072© to 10727 and vary with the solution temperature. 


3. An epproximate value of the heat of formation of the complex anions, 
16,000 cal per mole, was computed from the temperature variation of the stabil- 
ity constants of the coordination compounds. 
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RESEARCH ON GALVANIC CIRCUITS IN TOLUENE 


Vv. S. Galinker 


Laboratory of Physical Chemistry, Kiev Polytechnic Institute 


In our preceding paper [1] we described our research on the electro- 
motive forces in benzene solutions of AlBr3s to which the halides of various 
metals had been added. 


In the present paper we report on analogous research on toluene solutions. 
The method of measurement was somewhat different from that employed earlier. 
Formerly, we used the customary method of eliminating or reducing the diffusion 
potential by means of the so-called intermediate electrolyte. Inasmuch as a 
series of preliminary tests had shown that the value of the e.m.f. remains almost 
unchanged in the medium under investigation if no intermediate electrolyte is 
used, we also made a series of tests without an intermediate electrolyte. Elim- 
inating the intermediate electrolyte is desirable, owing to the high resistance 
of the solution caused by the electrolyte, which makes it hard to measure the 
e.m.f. 


In the present research we made a series of tests to investigate the 
electrode potential of such metals as aluminum, bismuth, silver, antimony, cop- 
per, and arsenic. 


The feasibility of measuring electrode potentials in toluene was settled 
by a number of papers by V.A.Plotnikov and his associates [3] on the conductiv- 
ity and the decomposition potentials of toluene solutions of aluminum bromide 
when halides of the foregoing metals are added to the solution. 


A solution of AlBrs in toluene is almost a non-conductor, but silver, 
copper, bismuth, antimony, and arsenic bromides are readily soluble in this 
solution, which then becomes a conductor. 


When toluene solutions of AlBrs — KBr, AlBrs — AgBr, AlBrs — CuBr, AlBrs 
— Sb —- Brg, and AlBrs —- BiBrs are electrolyzed, Al, Ag, Cu, Sb, and Bi are de- 
posited, respectively at the cathode, in accordance with the data in the lit- 
erature. 


Measurements of the decomposition potentials in the foregoing binary 
systems of salts in benzene and toluene solutions indicate that in many cases 
the decomposition potentials in toluene solutions are different from those in 
benzene solutions. 


EXPERIMENTAL METHODS AND RESULTS OF MEASUREMENT 


The toluene was purified by shaking it up with sulfuric acid. The tolu- 
ene was then separated from the sulfuric acid and washed free of acid, first with 
a solution of NaOH and then with water; after the water had been removed, the 
toluene was desiccated with metallic sodium. The desiccated toluene was then 
distilled over metallic sodium. ‘The product was redistilled at a fixed tempera- 
ture and then sealed in ampoules. The purification of the salts used (with the 
sole exception of the AsBrg) was described in the preceding paper. Chemically 
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we 


pure arsenic bromide was distilled and sealed into ampoules. For our tests 
we used a preparation that was completely colorless and had been refined by 
double distillation. Rods of solid cast metal or electrolytically Geposited 
metals were used as the electrodes. The silver electrode was prepared by de- 
positing silver electrolytically upon a silver wire in a cyanide bath. 


The aluminum electrode was a thin plate of chemically pure sheet alumis.. 
num. The copper electrode was a wire of chemically pure copper. 


The bismuth and antimony electrodes were rods of cast metal. The arsenic 
electrode was prepared by depositing arsenic electrolytically from a 10% solu- 
tion of AsBrg in ether. 


In all our tests the solvent used was a solution of aluminum bromide in 


toluene, with an ra — ratio of 0.25. This solution was prepared inmediat- 
ely before the beginning of a run, owing to the undesirability of keeping it 
for -any length of time (possible hydrolysis). Then the requisite amount cf 
halide*o? the metal whose potential was to be determined was poured into a 
small flask containing the solvent. 


The weight of metallic halide was so chosen as to make the 
equal 0.1 


MeHal 
AlBrs ratio 
The comparison electrode used, as in the previous paper, was silver, im- 
mersed in a standard electrolyte, i.e., a solution whose Agbr ratio equaled 
0.1. AlBrs 


This electrode was freshly prepared anew for each circuit. 


As the stability of the e.m.f. in such media is less than in aqueous 
solutions, the tests with each galvanic circuit were repeated several times un- 
til the results corresponded closely. 


The initial value of the e.m.f. was measured 15 minutes after the cell 
hed been set up; it took an hour for the value Of the e.m.f. to become steady. 
In some cases this value of the e.m.f. remained unchanged for twenty-four hours. 
this was the case for Cu and Bi. The Al, As, and Sb potentials were less steady, 
the precision of measurement of these potentials not exceeding a hundredth of 
volt. 


Upon standing, some solutions resinified, separating into layers, probably 
because of the formation of a Gustavson coordination compound. 


The slow establishment of the potential may be due to the slow rate of 
formation of the coordination compound. The slow rate of formation of the co- 
rdination compound in the AlBrs — AsBr3s system was established by Plotnikov and 
Yakobson [3], who observed the change in conductivity with time. 


In the more stable systems, with copper’ and bismuth bromides, the devia- 
tions in individual: e.m.f. measurements did not exceed 1 to 2 millivolts. 


A summary table of the e.m.f's in the investigated circuits is given 
below: 
AlBra 
toluene 


= _ALBrs 
0.25 toluene 


MeHal AgBr 


The potential of the silver electrode is taken as zero. 
As seen in the table, the potential sequence of the metals investigated 


= 0.25 
Me 


‘ 

0 

AlBrs 


has a quite different order from that of the normal potentials of the same metals 
in aqueous solutions. 

Whereas in water the sequence of normal potentials is as follows: Al, Bi, 
Sb, As, Cu, Ag, the potential sequence in the AlBrs — MeBr — toluene system is 
as follows: Al, Cu, Ag, Bi, Sb, As. 

The shift of silver in the potential sequence is found in both the 


benzene and toluene solutions. This shift of silver in the potential sequence 
was also found by Izbekov [4], who used fused AlBrs as his solvent. 


Electrode potential, volts 


In a toluene solu- | In a benzene 
solution of 
AlBra - MeHal 


Sequence of normal poten- 
tials in aqueous solution, 
taking the potential of 
silver as zero. 


Electrode 


Al /Al+++ -2.728 
Cu/Cut -0.268 
Ag/Agt -0.000 
Bi/Bit** -0.608 
Sb/spttt -0.608 
As/as*** -0.508 


The order of potentials established by measuring the e.m.f. was confirmed 
by experiments on the direct displacement of the metals. Though the sequence 
is the same in the potential series for benzene and toluene solutions, the 
absolute magnitudes of the electrode potentials differ. 


The greatest difference is found in the potential of eluminum, which may 
be related, evidently, to the different values of the decomposition potential 
of AlBrs — KBr in benzene and toluene solutions, as established in the research 
done by Plotnikov and his associates. 


We find that the two values almost coincide for copper, with only a 
slight difference being observed, toward a lowering of the potential, in the 
cases Of bismuth and antimony. 


For the sake of comparison, we cite below the series of potentials found 
by other authors in their work on various nonaqueous media: 


Pyridine: Al, Cu, Sb, Bi, Hg, Ag (Kahlenberg [S)). 
Acetone: Zn, Cd, Co, Bi, Hg, Cu (Skobets [6]). 
Fused AlBrs: Al, Zn, Cd, Ag, Hg, Sb, Bi (Izbekov [4]). 


Hence, it may be stated that the considerable formation of coordination 
compounds. in these media greatly affects the sequence of the potentials of the 
metals investigated. 


SUMMARY 


1. Research has been done on the e.m.f. of galvinic circuits in these 
toluene solutions: AlBrs-AgBr, AlBrs - KBr, AlBrs - CuBr, AlBrs - SbBrs, 
AlBrs - BiBrs, AlBrs - AsBrs. 

2. Measurements were made of the following metals: Al, Bi, Cu, Sb, and 
7 As, paired with a silver electrode. 


3. The sequence of potentials for these metals is arranged in the follow- 
ing order: Al, Cu, Ag, Bi, Sb, As. 
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4. This potential sequence differs from that of the same metals in 

aqueous solutions, but coincides with the sequence found in benzene solutions. 
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HOMOLOGUES OF MONOVINYLACETYLENE 


I. §-‘tert-BUTYLVINYLACELYLENE 


I. A. Favorskaya 


A. A. Zhdanov Chair of the Structure of Organic Compounds 
Leningrad State University, awarded the Order of Lenin 


The first member of the homologous series of hydrocarbons with the gen- 
eral formula C,Hon-4 is monovinylacetylene. Monovinylacetylene possesses all 
the properties of monosubstituted acetylenic hydrocarbons. All known substituted 
homologues of monovinylacetylene, in accordance with the properties of mono- 
substituted acetylenes, yield a characteristic precipitate with an ammoniacal 
solution of cuprous oxide; negligible traces of isopropenylacetylene, for example, 
yield a precipitate with Iloswey's reagent [1]. Grignard isolated a copper 
derivative of 6-methylene-3-heptyne-1 [2]. On the basis of our previous re- 
search paper [3] we established that §-tert-butyl-vinylacetylene does not form 
a precipitate with Iloswey's reagent, despite the presence of free acetylenic 
hydrogen in it. In oxidizing the hydrocarbon we identified trimethylpyruvic 
acid with good yield as its p-nitrophenylhydrazone; this justifies our assigning 
the structure of 4 »4*-dimethyl-3~methenepentyne-1 to this synthesized hydro- 
carbon (I): 


Hs 
CHg 
‘ 
(I) 
The present research was undertaken to ascertain the ability of B-tert- 


butylvinylacetylene to form a sodium derivative and its ability to enter into 
a hydration reaction. 


The hydrocarbon was hydrated by the method developed by Churbakov [4] 
for monovinylacetylene; according to K. A. Oglobin [5], who effected the hydra- 
tion of isopropenylacetylene under the same conditions, the yield of the ketone 
was 78%. We succeeded in synthesizing the ketone under the conditions specified 
by the foregoing authors, but the ketone yield was only 50%: 


(II) 
-Dimethyl-3-methenepentanone-2 
We synthesized the sodium derivative of B-tert-butylvinylacetylene by re- 


acting finely divided sodium with the hydrocarbon. We used the sodium derivative 
later to synthesize f-tert-butylvinylacetylenecarboxylic acid and its ethyl ester. 
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CHa—C—CHs 
| 
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There is not much in the literature on acids containing double and 
triple bonds. Csrothers [6] described the synthesis of vinylpropiolic acid 
by the action of carbon dioxide on vinylacetylenemagnesium bromide at oO. This 
acid proved to be extremely unstable, rapidly darkening and polymerizing upon 
standing. It decomposes explosively when heated to 110°. Owing to these 
properties, Carothers was unable to obtain it in pure form. The author made no 
effort to synthesize and isolate esters of this acid. I.N.Nazorov {7} syn- 
thesized vinylpropiolic and ee acids: 


3 
CHa=CH-C=C-COOH 5 CHa=C—C=C-COOH. 


In synthesizing these acids the authors started out with monovinylacetyl- 
ene and isopropenylacetylene. The corresponding sodium derivatives were obtained 
by reacting sodium amide with the hydrocarbon; these derivatives were then con- 
verted into the acids by saturating them with anhydrous carbon dioxide. Both 
acids proved to be unstable toward oxygen; they were not obtained in the pure 
state. 


The acids were esterified by the usual methods, forming more stable 
esters that distilled in vacuum without decomposition. The esters are colorless 
mobile liquids possessing an extremely acrid odor that were very lachrymatory. 
The German patent issued to Charles Moureu [8] states that the methyl ester 
of 2-methyl-heptene-2-yne-6-carboxylic acid 


(CH ) 


is a valuable substance for the perfumery industry. When added to synthetic 
fragrances, it gives them the odor of natural flowers. 


We see, therefore, that whereas the esters of the lower acids have an 
extremely unpleasant odor, the-esters of higher acids are valuable in perfumery. 
It was of interest to investigate the properties of the ester of B-tert-butyl- 
vinylacetylenecarboxylic acid in this connection. 


Little research has been done on the odors of aliphatic compounds with 
a triple bond in the carbon chain. Not even for the well-known esters of 
heptynecarboxylic acid is there any infcrmation of the effect of the position 
of the triple bond in the carbon chain upon the odor. Our first task in syn- 
thesizing §-tert-butylvinylacetylenecarboxylic acid was the synthesis of the 
sodium derivative of the hydrocarbon. 


There are references in the literature to various ways of obtaining 
sodium derivatives of the higher homologues of monosubstituted acetylenic 
hydrocarbons. We shall briefly touch upon only four examples, which involve 

the synthesis of metal derivatives, starting with the respective hydrocarbon and 
’ sodium. Moureu [9] gives the following prescription for synthesizing the sodium 
derivative of enanthylidene: to finely divided sodium there is added enanthyl- 
idene that has been diluted with 5 times its weight of ether. The reaction of 
forming the sodium derivative (the acetylide) is exothermic, and the ether starts 
to boil. According to the author’ instructions, however, it is impossible to 
effect a complete reaction between the sodium and the hydrocarbon, owing to the 
coating of the particles of unreacted metal with a crust of the acetylide. As 
a result, the author later synthesized the sodium derivative by the action of 
heptyne upon sodium amide in vaseline oil. 


S. Nametkin and V. Isagulyants [10] evolved a method for the synthesis 
of heptyne carboxylic acid from heptynesodium. We tried out several methods 
to synthesize our sodium derivative. . 


The finely divided sodium was obtained by agitating it in toluene that 


had been brought to the boiling point. The toluene was decanted off, and the 
sodium was covered with a layer of absolute ether. The hydrocarbon, diluted 
with twice its weight of ether, wes then poured into the flask. Only a small 
amount of the metal derivative was seen. to form. 


The derivative yield was negligible, even when the reaction was effected 
in an ether-toluene medium. Since it was difficult to achdeve a complete reac- 
tion between the hydrocarbon and the sodium because of the coating of the metal 
with a layer of the acetylide, the yield of the latter largely depends upon the 
fineness to which the sodium has been divided. Extremely active, finely divided 
sodium was obtained by shaking up the fused metal under xylene. The’ reaction 
to form’the sodium derivative was effected in xylene. When this was done, we 
were able to bring the reaction to completion. It is best to effect the reaction 
of sodium with the hydrocarbon and the subsequent carbonization in ether, since 
the highly unsaturated acid polymerizes and resinifies when a high-boiling sol- 
vent is driven off. 


Although we effected the synthesis of the sodium derivative and its car- 
bonization in xylene, we were able to avoid heating the acid when separating it 
from the reaction mass as follows: After the sodium derivative had been satu- 
rated in the xylene with carbon dioxide, the sodium salt of the acid was extrac- 
ted with a few batches of water. The aqueous extracts are almost colorless, all - 
the resinification products remaining in the xylene. The aqueous solution of 
the salt was acidulated with sulfuric acid, and the acid was extracteds We thus 
succeeded in synthesizing a nearly colorless acid, that was free of resinifica- 
tion products (III). 


(III) Ha CHo 


acid 
acid) 


The acid is a thick liquid that rapidly darkens and polymerizes when ex- 
: posed to the air. The silver salt of the acid was synthesized. The ethyl 
: ester of the acid was synthesized by reacting the sodium derivative of the hy- 


drocarbon with ethyl chlorocarbonate (IV). 


0 


(rv) 


The ester has a pleasant apple odor. It is more stable than the acid, 
but it still grows cloudy and polymerizes upon standing. 


EXPERIMENTAL 
Hydration of B-Tert-butylvinylacetylene 


This hydration was effected in accordance with the instruction given by 
Churbakov [4] for monovinylacetylene. 


In a flask fitted with a stirrer and a reflux condenser there was placed 
30 g of the hydrocarbon, 8.4 g of mercuric oxide, 23 ml of sulfuric acid, 520 ml 


4 > 
| 7 
¥ 
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of water, and 60 ml of a 50% solution of ferric sulfate. The reaction mass was 
heated to 80° for 4.5 hours. The synthesized ketone was driven off with steam 
and extracted with ether. The ether extract was desiccated with calcium chlor- 
ide. After the ether had been driven off, the product was Beaten ane in vacuum. 
The yield of the ketone was 50% of theory. 


B.p. 80-81° at 110 mm: a2 0.8622; 437-5 0.8492; ni7-5 1.45650; MR, 39.10. 
40F. Calculated: MR, 38.38. 


0.1728 g substance: 0.4826 g 0.1750 g 
0.2555 g substance: 0.7113 g COa; 0.2577 g Hao. 
Found %: C 76.06, 75.933 H 11.33, 11.28. 
140. Calculated %: C 76.19; H 11.11. 


Molecular weight determination (cryoscopic) 


0.2640 g substance: 12.2 g benzene: At 0.87° 
Found: M 127. 
Celi40. Calculated: M 126. 


We synthesized the semicarbazone of our ketone. Its m.p. after initial 
recrystallization from alcohol was 163°. Its m.p. after another recrystalliza- 
tion, from benzene, was 163-164°. 


0.0849 g substance: 17.4 ml No (22°, 740 mm). 
0.0732 g substance: 15.2 ml No (22°, 740 mm). 
Found $: N 23.19, 23.38. 
CoH,70N3. Calculated %: N 22.9h. 


The ketone is a mobile, colorless liquid. No polymerization was observed 
after it had stood for 6 months in a sealed ampoule. 


Synthesis of §-Tert-butylvinylacetylenecarboxylic Acid 


a) 2 g of metallic sodium was heated to 100° under absolute toluene in a 
a flask fitted with a ground-in reflux condenser. After the sodium had fused, 
the flask was closed by a stopper, wrapped in a towel, and vigorously shaken. 
The toluene was then separated by decantation from the finely divided sodium 
thus produced, and ether was added to cover the sodium. 


2 g of the finely divided sodium in ether was placed in a flask fitted 
with a stirrer, a mercury seal, and a dropping funnel. The hydrocarbon, 
B-tert-butylvinylacetylene, diluted with ether, was added drop by drop to the 
reaction mixture. At the beginning of the reaction, slight evolution of heat 
was observed, after which the flask was heated to the boiling point of ether for 
4 hours. A small amount of the sodium derivative precipitated out, most of the 
sodium not entering into the reaction. 


b) In an effort to increase the yield of the sodium derivative we tried 
to synthesize the sodium derivative in toluene-ether medium. 


9 g of the hydrocarbon, diluted with 2 volumes of ether, was added to 
2 g of finely divided sodium in toluene. The mixture warmed up to 30-40° when 
the hydrocarbon was added. After all the hydrocarbon had been added, the reac- 
tion mass was heated for another 3 hours. A precipitate of the sodium deriva- 
tive settled out. Metallic sodium was left on the bottom of the flask. . The 
next day dry carbon-dioxide gas was passed through the reaction mass for 14 
hours. The precipitate of sodium salt was decanted together with the solvent 
and the sodium end dissolved in water. The precipitate with its traces of sodium 
was decomposed by methanol. 


The aqueous layer was extracted with ether to eliminate the unreacted 
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hydrocarbon, after which it was acidulated with dilute sulfuric acid. An oily 

layer floated to the top, and it was extracted with ether. The ether was evap- 
orated in a stream of COs. After decomposition with methanol, the precipitate 

with the sodium was treated in exactly the same manner. 


This yielded 2 g of acid, or 16% of theory. B.p. 122° at 6m. The 
acid is a viscous, highly unstable, glycerinelike liquid. It grows dark and 
polymerizes very quickly when left to stand, even in sealed ampoules. 


c) Extremely reactive sodium (sodium dust) was prepared by vigorously 
shaking sodium that was fused under boiling xylene. The grain size may vary 
widely, depending upon the amount of shaking, and may even consist of particles 
that cannot be seen with the naked eye. 


10 g of the hydrocarbon was added to 2 g of the sodium dust-in xylene. 
The hydrocarbon reacted vigorously with the sodium. The temperature of the re- 
action mass rose to 70-80°. The whole flask was filled with a precipitate of 
the sodium derivative. Dry carbon-dioxide gas was then passed through the re- 
action mixture for 30 hours. The sodium salt of the acid was extracted with 
3 batches of water. The aqueous layer was seperated from the xylene and acidu- 
lated with dilute sulfuric acid, and the p-tert-butylvinylacetylenecarboxylic 
acid was extracted with ether. 


The ether extract was almost colorless, all the tarry impurities remain- 
ing in the xylene. The ether was exhausted in a stream of COs. B.p. of the 
iy acid = 121° at 6 mm. Yield of crude product was about 40% of theory. 


Determination of the Acid Equivalent 


0.3025 g substance: required 19.45 ml 0.1N NaOH. 

0.3651 g substance: required 23.6 ml 0.1N NaOH. 
Found: Equiv. 155, 154.6. 

CgH Calculated: Equiv. 152. 


After the acid had been titrated, a solution of silver nitrate was added 
to the flask. The silver nitrate was added in excess, about 2.5 times as much 
as required by theory. An abundent amount of white precipitate, the silver 
salt, settled out. The silver salt was filtered out and washed with a small 
amount of distilled water. 


7 


0.0946 g substance: 0.0474 g Ag. 
0.1292 g substance: 0.0643 g Ag. 
Found $: Ag 50.10, 49.76. 
CoH, Calculated 4: Ag 50.03. 


The silver salt was synthesized in the same manner once again. Its 
analysis yielded the same result. 


4 


But when high dilutions are employed, the composition of the salt changes. 
A third sample was precipitated, from a highly diluted acid (0.3 g of acid in 
200 ml of water); the precipitate was carefully washed with water. 


0.0860 g substance: 0.409 g Ag. 
oO, Ch67 @ substance: 0.222 g Ag. 
Found $: Ag 47.55, 47.53. 
02Ag. Calculated %: Ag 41.69. 
CoH, ,02Ag° AgNOs. Calculated Ag 50.03. 


The silver salt was decomposed by hydrochloric acid. The #-tert-butyl- 
vinylacetylenecarboxylic acid was extracted with ether, and the ether was ex- 
hausted. Oily drops with the acrid smell of the acid remained in the flask. 
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Synthesis of the Ethyl Ester of g-Tert-butylvinylacetylene- 


carboxylic Acid - 


10 g of the hy@rocarbon was added to 2 g of finely divided sodium in 
xylene. A vigorous reaction between the sodium and the hydrocarbon sets in 
at once. All the sodium is converted into the sodium derivative, without a 
residue. The xylene was decanted from the precipitate, and thesodium derivative 
was washed with ether. The xylene and the ether with which the sodium deriva- 
tive had been washed were saturated with carbon-dioxide gas and used ~t6 recover 
the acid, since metal derivatives often dissolve in xylene. 


- 6 g of ethyl chlorocarbonate was added to the sodium witgtite 1 in an 
ether solution. The reaction mass was stirred for 3 hours, after which the 
sodium chloride was filtered out, the ether exhausted, and the residue distilled 
in vacuum. 


B.p. 87-89° at 6 mm; di® 0.9460; ny 1 -45766; MRg 51.91. 
Ci B. Calculated : 5193. 
0.1946 g substance: 5180 g 0.1489 g HoO. 
Found %: C 72.61; H 8.56. 
C11HieO2. Calculated %: C 73.33; H 8.88. 


The ethyl ester of §-tert-butylvinylacetylenecarboxylic acid is a mobile 
liquid with a pleasant apple odor. 
SUMMARY 


1. The unsaturated ketone 4,4'-dimethyl-3-methénepentanone-2 was synthes- 
ized by the hydration of B-tert-butylvinylacetylene. 


2. The method of synthesizing B-tert-butylvinylacetylenecarboxylic acid 
is described. 


3. The ethyl ester of p-tert-butylvinylacetylenecarboxylic acid has 
been synthesized. 
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REACTIONS OF ALIPHATIC DIAZO COMPOUNDS WITH UNSATURATED COMPOUNDS 


III. : 1-BUTOXYCYCLOPROPANE-2-CARBOXYLIC ACID 


I. A. Dyakonov 


Zhdanov Institute of Chemical Research, Leningrad State University 


awarded the Order of Lenin 


Saponification of the ethyl ester of 1-butoxycyclopropane-2-carboxylic 
acid (I) [1] in the presence of alkali agents yielded the corresponding acid 
(II) (with a yield of 90% of theory): 

Ho CHo 


+ H20 CoH50H + 
I It 


The properties of thisacid and some if its transformations were investigated. 
Notwithstanding the fact that the equation for the synthesis of this acid is 
extremely simple, considerable difficulty is encountered in isolating it from 
the salt solution, owing to the exceptional propensity of butoxycyclopropane- 
carboxylic acid to hydrolyze in an acid medium. That is why several different 
methods of synthesizing thé pure preparation were checked experimentally. 
Products of its hydrolysis: butyl alcohol and an acid with the formula CgH100s, 
were also isolated. 


Besides its hydrolyzability, the other most striking property of this 
acid is the fact that even the purest preparations of this acid apparently con- 
tain an admixture of an isomeric lactone (III). 


C4H9Q-CH Ho 
(III) 


insofar as we can judge of this by titration. 


The lactone was not isolated, which makes the structure ascribed to it 
even more hypothetical. But in explaining some of the properties and trans- 
formations of butoxycyclopropanecarboxylic acid, a possible hypothesis is the 
preliminary isomerization of the acid to the labile butoxybutyrolactone, which 
is a derivative of-the'lactone form of succinaldehydic acid (IV). Thus, it was 
shown that butoxyc ycloyrdpanecarboxylic acid is slowly oxidized by a solution 
of potassium permanganave, forming succinic and butyric acids. 


The specific peculiarity of a cyclic acid, its undergoing hydrolysis with 
rupture of the three-membered ring, may be referred to its isomeric conversion 
into the lactone (III), which breaks dowm readily in acid aqueous solutions, 


% 
| 
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cleaving off butyl alcohol. 


The saponification of the ethyl ester of butoxycyclopropanecarboxylic 
acid is effected by heating with aqueous or alcoholic solutions of caustic 
alkalies. 


If the saponification is effected in the presence of Ba(OH)2, and the re- 


action mixture is concentrated after the excess of barium hydroxide has been 
removed, crystals of the barium salt of the acid —(C;H,3C00)2Ba — are readily 
obtained when the solution is cooled. 


When solutions of alkaline salts of the acid are acidulated, water-insol-_ 


uble butoxycyclopropanecarboxylic acid separates out; in most cases this acid 
suffers partial hydrolysis during this operation, forming butyl alcohol. _ 


It was easy to judge the onset of hydrolysis in these instances by means 
of the change in the boiling point of the butoxycyclopropanecarboxylic acid: 


the boiling point drops and becomes unsharp, not characteristic of an individual 


compound. 


Repeated distillation of the viscous and high-boiling acid is difficult 
and usually does not result in complete separation of the mixture. The acid 
fraction with the highest boiling point, which distils within a range of 2-3°, 
has a constant boiling point and has the composition of butoxycyclopropane- 
carboxylic acid. The fractions that distill at lower temperatures are obviously 
mixtures with no fixed boiling point, and it is hard to separate them by dis- 


tilliation. This is why we were unable to raise the yield of,the pure preparation 


of the acid beyond 70% of theory, by fractionation, . Tablé 2), notwithstanding: 
the fact that the yield:of the crude product was 90% of theory. 


Hydrolysis may be prevented if the isolation of the acid from solutions 
of its salts is done with maximum care. The ready preparation distills within 
a narrow temperature range and contains no impurities (yield 90% of theory). 
The crude preparation, which distils over a wide temperature reage, can be 
purified by means of "reprecipitation" from alkali solutions, provided suitable 
precautions are observed during acidulation. Most of the impurities remain in 


the aqueous solution (cf the experimental section of this paper), and the butoxy- 


cyclopropanecarboxylic acid can be secured in the pure state. 


This operation results in a noticeable diminution of the yield (Table 2), 
but pure butoxycyclopropanecarboxylic acid can be prepared even from the lowest- 
boiling fractions of the crude preparation by this method (Experiment 2b). Both 
of these methods - reprecipitation and distillation - were employed to secure. 


pure preparations of the acid whenever hydrolysis set in as the result of our 
isolating it from solutions. 


The hydrolysis products were found principally in our examination of the 
aqueous solutions from which the acid was isolated, viz: butyl alcohol and an 
aldehydic acid with the formule CgH100,, the structure and the mechanism of form- 
ation of which are now being studied. We proposed to explain the extraordinary 
tendency of our acid to hydrolyze, splitting off butyl alcohol, with the aid of 
a hypothesis that the acid (II) is transformed into the isomeric lactone (III), 
which in turn decomposes into butyl alcohol and succinaldehydic acid 


(II) ——~ (III) C4HoOH + O = CH — CHa 


COOH 


Since we did not isolate succinaldenydic acid, obtaining instead the acid 
CaHij00s, we were inclined to believe that the latter was the product of the 


further transformation of the succinaldehydic acid that is initially formed during 


hydrolysis. Not having enough data at the present time to confirm this con- 
jecture, we must also keep in mind an alternative hydrolysis process, in which 
the intermediate conversion product is l1-hydroxycyclopropane-2-carboxylic acid 


Both hypotheses must conform to the general equation of the hydrolysis 
reaction: CHo 


+ H20 —= 2C4HoOH + CeHi00s 


We have not found much detailed information in the literature on l-~alk- 
oxycyclopropane-2-carboxylic acids. Apparently, the only one thus far synthes- 
ized is l-ethoxycyclopropane-2-carboxylic acid, obtained by Rambaud in 1938 [2]: 


Ho 


with an extremely low yield and by a method that is totally different from our 
own. 


= 


In his paper Rambaud does not conment on a tendency of ethoxycyclopro- 
panecarboxylic acid to cleave hydrolytically in an acid medium. Another property 
is characteristic of it, according to Rambaud: its tendency to oxidize — even 
under the influence of atmospheric oxygen,~:to succinic acid. Various oxidants 
act even more quickly (solution of permanganate, chromium trioxide, etc.). 


We noticed no changes of any kind when our acid was stored. Potassium 
permanganate gradually oxidizes butoxycyclopropanecarboxylic acid to succinic 
and butyric acids, however, even in the cold. 


Thus there is a definite, as yet, inexplicable, difference in the proper- 
ties of the two acids. If the opportunity offers, we propose to synthesize 
l-ethoxycyclopropane-2-carboxylic acid. 


In titration, on the other hand, both acids seemto behave similarly. 


In determining the neutralization equivalent of butoxycyclopropanecarb- 
oxylic acid by direct titration with 0.1N NaOH, the results are too high, as 
Rambaud also found. But if a weighed batch of the acid is dissolved in an 
excess of the 0.1N base and then the excess of the base is titrated back, with ~ 
heating, against 0.1N sulfuric acid, the results obtained are close to those 
expected. Using the method of back titration, Rembaud obtained results close 
to the computed values for the neutralization equivalent of ethoxycyclopropane- 
carboxylic acid as well. When the warmed solution is directly titrated with 
O.1N NaOH, the results obtained differ but little from those computed. This 
was also true of the ethoxycyclopropanecarboxylic acid. 


The sole difference between the butoxy derivative and its ethoxy analogue 
is that the former's experimentally determined neutralization equivalent does 
not change after prolonged storage, whereas the latter's value rises from 130 
to 500 (according to Rambaud's figures). It should also be noted that the 
preparations we synthesized in various saponification runs did not always yield 
identical values for the neutralization equivalent when the determination was 
made by titration with 0.1N NaOH, in the cold. By employing back titration in 
these cases we obtained results that agree with one another and with the calcul- 
ated vaiue of the neutralization equivalent. 


Rambaud advanced the hypothesis of the existence of an isomeric lactone, 
present as an impurity of the ethoxycyclopropanecarboxylic acid in the preparations 


- 
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of that acid synthesized by him, as an explanation of this discrepancy between 
his experimental findings and the computed neutralization equivalent. This 
lactone is not affected (or is only slowly affected) by alkalies in the cold, 
but its ring is opened when heated with an excess of alkali. 


H>—CH—OC 


(III,a) ‘oC-——CH 


That is why direct titration of a weighed quantity of the acid with 0.1N 
alkali in the cold does not yield the results called for by theory. Rambaud 
believes that the rise in the neutralization equivalent of the ethoxy acid from 
130 to 500 during storage is due to the gradual conversion of the cyclic acid 
into its isomeric lactone. According to Rambaud, this transformation is related 
to the formation of succinic acid when the cyclic acid is oxidized. 


We may assume, in agreement with Rambaud, that the lactone form is pro- 
duced in the case of our acid as well, inasmuch as we found a discrepancy in the 
results obtained with direct and back titration. But it seemed to us to be 
more probable that for both of these alkoxy acids the isomeric lactone has a 
somewhat different structure than that assigned to it by Rambaud. For we are 
rather inclined to assign it the formula (III), which is easily derived from 
the lactone form of succinaldehyiic acid (IV) and may be looked upon as the hemi- 
acetal of the latter. , 


(Iv) 


In fact, if Rambaud's formula is employed, it is hard to explain the 
conversion of the alkoxy acid imto succinic acid via the lactone (III,a), as 
the French author conjectured; the lactone (III,a) should not yield succinic 
acid upon oxidation. Besides, this conversion is easily explainable by means 
of the formula (III) we propose: 


CH 
H20 
RO—CE—CH—COOH —> | RO—CH | | RO—C—oH 
Py | 
CHo o——Co 


—» ROH + 


The following comparison may indicate the relationship between isomeri- 
zation to a lactone and oxidation of the alkoxyacids to succinic acid. Ram- 
baud's ethoxy acid changes its neutralization equivalent when allowed to stand 
for a long time in a closed container, owing to its conversion into a lactone, 
but is oxidized to succinic acid when kept exposed to the air. Our acid's 
neutralization equivalent does not change appreciably during stcrhge and is 
oxidized to succinic acid only after prolonged agitation with a permanganate 
solution. At the present time it is hard to decide whether this more difficult \ 
oxidizability is due to the slower conversion into a lactone or to the fact that . 
such a conversion does not occur at all and the acid itself undergoes oxidation. * 


It should be borne in mind, however, that the ethyl ester of butoxycyclopropanecarboxylic acid, for which ‘ 
the isomeric lactone form is impossible, is oxadized by a permanganate solytion only after heating 

(cf. the preceding report). 


CHo 
CHa 


As has just been pointed out, the specific tendency of the acid to 
cleave hydrolytically may also be related to its isomeric conversion to a 
lactone, which may occur under the influence of hydrogen ions. 


About 10 days were needed for complete oxidation of 39 g of the acid 
by potassium permanganate in the cold. Thus, butoxycyclopropanecarboxylic 
acid is oxidized much more slowly than compounds with multiple bonds. More- 
over, the assumption that the acid we have investigated might have the structure 
of an unsaturated acid with an open chain of atoms; 


C4H or 


falls of its own weight, since neither of these formulas would yield succinic 
acid when oxidized by permanganate. 


As for the mechanism of the acid's oxidation, the intermediate genesis 
of the easily changeable lactone is fully admissible in this reaction for a 
number of considerations. It is not impossible, however, that the oxidizing 
agent attacks the three-carbon-atom ring of the acid itself, where the already 
oxidized atom of the ring will be the most vulnerable spot for the oxidant: 


OC4Hg | , 


HOOC—CH-—CH—COC4Ha —2-> 
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Both of these probable mechanisms involve the same consumption of the 
oxidizing agent, viz.: 3 gram equivalents of oxygen per mole of acid. Fxperi- 
ment showed that the consumption of the oxidizing agent exceeds the amount . 
computed according to these equations (4 gram equivalents of oxygen per mole 
of acid), apparently due to some oxidation side reactions that are not covered 
by either equation. 


EXPERIMENTAL 


1. Synthesis of 1-Butoxycyclopropanecarboxylic Acid 


Saponification of the ester of butoxycyclopropanecarboxylic acid (x) 
was effected in the following ways: 


a) Heating with an alcoholic solution of potassium hydroxide ; 
b) Heating with aqueous solutions of caustic alkalies; 
c) Heating with a solution of barium hydroxide. 


a) 19 g of the ester (I) was mixed with 120 ml of a 15% alcoholic solu- 
tion of potassium hydroxide, and the reaction mixture was heated for a short 
time over a water bath until the alcohol boiled. The solution was then cooled 
to room temperature, diluted with water to a total volume of 600 ml, and acidu- 
lated with dilute sulfuric acid while chilled by ice. The oily butoxycyclo- 
propanecarboxylic acid that sepsrated out at the top of the solution was separ- 
ated from the aqueous layer, which was then shaken up repeatedly with ether. 
The ether extracts, combined with the principal reaction product, were desiccated 


CHa | CH> OH | 
| 
| 
| | a531 | 


over anhydrous sodium sulfate. The ether was driven off over a water bath, 
and the acid that remained wasdriven off in vacuum. B.p. 143-144° at 12 m. 
The yield of the acid wes 14.2 g (92% of the theoretical yield). 


bd) 56 g of the ester (I) was mixed with 400 ml of a 5% aqueous solution 
of potassium hydroxide, and the reaction mixture was heated over an open flame, 
with rapid stirring, until the reaction mixture had become completely homogen- 
eous. When this had been attained, a current of carbon-dioxide gas was passed 
through the reaction mixture, which had been cooled to room temperature, to 
neutralize the excess potassium hydroxide. The solution was then concentrated 
in vacuum to a volume of about 100 ml and placed in a l-liter separating fun- 
nel after it had cooled. A leyer of ether was added to cover the solution, 
and 5% sulfuric acid was introduced under the ether layer by means of a pipette, 
about 10 ml at ea time. The emulsion of the cyclic acid that formed when the 
solution was acidulated was immediately transferred to the ether layer by 
shaking the separating fumnel. The sulfuric acid was added until no more cloud- 
iness was observed in the aquecus solution; then the ether extracts were desic- 
cated over anhydrous sodium sulfate, and the ether was driven off. The residue, 
distilled in vacuum, was the eaimost pure acid: 


Fraction 1: b.p. 134-135° at 8m 2 g. 
Fraction 2: b.p. 135-137° at 8 mm — 42.5 g. 


The acid yield, taking toth fractions together, was 44.5 g (94% of the 
theoretical yield). 


Note: After the addition of the sulfuric acid to the aqueous solution of 
the salt. had been completed, we usually shook the solution up once more with a 
fresh batch of ether. Careful extraction of the aqueous solution with ether 
after acidulation results, however, in contaminating the acid with products of 
its hydrolytic decomposition that enter the ether from the aqueous layer. The 
ether may be replaced by benzene in separating the butoxycyclopropanecarboxylic 
acid from the solution of its salt. 


c) 18.6 g of the ester (I) (0.1 mole) was mixed with 200 ml of water and 
32 g of barium hydroxide [Ba(OH)2°8Hs0)]. During mixing the reaction mixture .. 
was boiled until the solution cleared. After it had cooled, the solution was 
saturated with carbon-dioxide gas to eliminate the barium hydroxide, which had 
been used in excess, from the solution. The barium carbonate was filtered out 
with suction, and the filtrate.was concentrated over a water bath. Upon cool- 
ing, the solution, concentrated down to small volume, deposited the barium salt 
of butoxycyclopropanecarboxylic acid, which crystallized as large white needles. 
Evaporation cf the filtrate to dryness yielded 20.7 g of the barium salt (91% 
of theory); its analysis is given below. We did not isolate the free acid from 
its barium salt. 


Table 1 gives the comparative results of our efforts to synthesize 
butoxycyclopropanecarboxylic acid by these various methods. 


2. Separation of Butoxycyc lopropanecarboxylic Acid From Solutions 


If certain precautions were not observed when solutions of salts of 
the cyclic acid were acidulated, partial hydrolysis took place, and the isolated 
product did not have a sharp boiling point. To secure a pyre preparation the 
cruce reaction product was either reprecipitated from alkali solutions (2 a) or 
fractionated in vacuum (2b). We were able to separate the hydrolysis products 
only by purifying the crude preparetion. The results of these experiments are 
listed in Table 2; they are described below under 2 a and 2 b. 


J ‘ 


TABLE 1 


Experiments to Secure a Pure Preparation of Butoxycyclopro- 
pane carboxylic Acid 


Boiling point of 
butoxycyclopro- 
panecarboxylic 

acid 


147-150° at 16 m 


Grams of 
the tri- 


Sapoaifying agent 


60 ml of a 15% alcoholic solu- 
tion of potassium hydroxide 


120 ml of a 15% alcoholic solu- 
tion of potassium hydroxide 


175 ml of a 10% aqueous solution 
of potassium hydroxide 


400 ml of a 5% aqueous solution 
of potassium hydroxide 


100 ml of a 5% aqueous solution [126.5-128° at 4 mm 
of potassium hydcroxide 


143-144" at 12 


136-139° at 9 m 


134-137° at 8 m 


TABLE 2 
Experiments to Secure and to Purify the ''Crude"™ Preparation 


of Butoxycyclopropanecarboxylic Acid 


B.p. of the | Yield 


Test! Grams of 


No | the tri- | Saponifying the mate pure acid of the 
methylene} agent "crude "| the crude pure 
ester acid prepara- prepar- 

tion ation, 


136-137.5° 


at 9 mm 


Solution of ‘'114-123° Reprecip- 


itation 


134-136° 43 


500 ml 10% 
at 8 mm 


aqueous 
solution 
of KOH 


Reprecip- 
itation 


134-136° 53 
at 8 mm 


124-139° 
at 10 mm 


Reprecip., 
followed 
by fract. 


65 300 ml 5% 128-138° | 93.2 |Fraction- /|134.5-138° | 
aq. solu. at 8 mm ation at 8 mn 
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Acid 
yiela, 
in % of 
theory 
| 
20% KOH in Jat 0.5mm 57 
150 ml of 
alcohol 
2 | 12 
aq. solu. 
KOH 
“yield based on the initial trimethylene ester. 
| | 


a) Reprecipitation test of butoxycyclopropanecarboxylic acid. Separation 
of the Products of Hydrolysis. To secure a pure prepsration of the acid by 
means of "reprecipitation", the crude product synthesized in Experiment 2 
(Table 2) and containing hydrolysis products as impurities was used (b.p. 125- 
135° at 8 m). 


84.5 g of this seienesintiinis was neutralized with a 10% solution of KOH, 
and the neutral solution was shaken up with ether. After desiccation and 
driving off the solvent, the residue was distilled at ordinary pressure. The 
eo weighed 5 g and consisted of nearly pure butyl alcohol: 47° 0.813; 

=O 1.3973; d.p. 116-117°. 


The rest of the butyl alcohol was eliminated from the solution by driving 
off part of the solution. To the solution thus concentrated, dilute sulfuric 
acid was carefully added, with thorough stirring and external chilling, in an 
excess that did not greatly exceed the computed quantity. 


The butoxycyclopropanecarboxylic acid that separated out as an oily layer 
after acidulation was extracted with ether and distilled in vacuum after the 
solvent had been removed. B.p. 134-136° at 8 mm. Yield: 41 g (43% of theory). 


Another product of hydrolysis was found upon exemination of the aqueous 
layer left after isolation of the butoxycyclopropanecarboxylic acid. This was 
done by neutralizing the aqueous solution with an alkali, concentrating it over 
a water bath and then in vacuum to a volume of 170 ml, and again acidulating 
it with 30% sulfuric acid. The mineral salts that separated out as a result 
of this treatment were filtered out, the filtrate being placed in an extractor. 


About 2 g of a yellow liquid that is insoluble in ether and a somewhat 
larger quantity of a crystalline sutstance were recovered from the ether ex- 
tracts after two days of extraction with ether. The crystals were recrystal- 
lized from alcohol, in which they were highly soluble, even in the cold. They 
proved to be nearly insoluble in other solvents, including water. They dis- 
solved with difficulty in ether. 


Their melting point (99-100°) remained constant after double recrystal- 
lization. The yield was 5.7 g. 


0.1530 g substance: 0.2899 g COp; 0.0779 g Ho0. 
0.1508 g substance: 0.2844 g COs; 0.0764 g Ho0. 
. Found $: C 51.68, 51.44; H 5.70, 5. 67. 
CgHi00s5. Calculated %: C 51. 61; H 5.42. 


It was established by preliminary research that this compound is an ald- 
ehydic acid. Its structure and the mechanism of its formation are now being 
investigated. 


The oily liquid is converted into a thick tar by heating in vacuum (8 
mm). Ether extraction of this tarry mass yielded a small quantity of crystals 
that fused at about 100° and were apparently of the same composition as the 
CeH,005 acid we had synthesized. 


bd) Fractionation, followed by reprecipitation. 35 g of the acid prepar- 
ation, with a b.p. of 114-125° at 0.5 mn, was fractionated in a column with a 
wide dephlegnator. The acid is a viscous liquid, which makes its distillation 
difficult. Several distillation runs yielded: 


Fraction l: b.p. 118-127° at 8 m - 
Fraction 2: b.p. 127-134° at 8m 8.6 ¢ 
Fraction 3: b.p. 154-136° at 8m — 19 


Fractions 1 and 2, totalling 13.6 g, were combined and dissolved in the 


‘ 
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requisite quantity of alkali. Recovery of the acid from the solution of its 
sodium salt was effected by the method described in the synthesis of the acid 
(1b). Distillation yielded 6.5 g of acid with a b.p. of 134-136° at 8 mn. 


Thus, including Fraction 3, we got 25.5 g of acid with a b.p. of 134- 
136° at 8 mn, or 73% of theory. 


Physical Constants and Molecular beteecticn of Butoxycyclopro- 
anecarboxylic Acid 


B.p. 145 5° at 12 ma; 1.035; 1.02%; 1.020. ni* 1.444; 
nz? 1.442, Found: MRg 41.02, 41.00. 
Calculated: MRg 39.94. 
Increment: 1.08, 1.06.¢ 


Analysis of the acid and its salts: 


0.1287 g substance: 0.2879 g COs: 0.1074 g H50. 
0.1594 g substance: 0. & COs; 0.1302 g 
Found #: C 61.05, 61.04; H 9.34, 9.14. 
Celi403-. Calculated %: C 60.72; H 8.92. 
0.2155 g substance: 20.21 g of acetic acid: Mt 0.26. 
0.3535 g substance; 20.21 g of acetic acid: Mt O.kk. 
Found: M 159.9, 155.0. 

CeHi403. Calculated: M 158.1. 


The silver salt of the acid is only slightly soluble in water. It de- 
composes quite violently upon heating, which hampers the determination of the 
silver content: 

0.1286 g substance: 0.0698 g AgCl. 
Found %: Ag 40.93. 
Calculated %: Ag 40.74. 


The foregoing analysis was made of the silver salt of the acid with a 
b.p. of 143-144.5° at 8 mm. To check the purity of the preparation that dis- 
tills in the 134.5-138° range at 8 mm, two fractions of silver salts, obtained 
by fractional precipitation of the ammonium salt of this preparation with a 
solution of lunar caustic,were analyzed: 


Fraction 1: 0.1704 g substance: 
0.1404 g substance: 68 
Found %: Ag 40.83, ho, 46, 
CeHi303Ag. Calculated $: Ag 40.7h. 


Fraction 2: 0.1456 g salt: 0.0587 g Ag. 
Found %: Ag 40.2h. 
CgHy30sAg. Calculated %: Ag 40.74. 


Thus, both fractions proved, upon analysis, to be close enough to the 
expected results. 


Analysis of the barium salt obtained in Experiment (1c) yielded the 
following results: 
0.2087 g substance: 0.106 g BaS0O,. 
0.1963 g substance: 0.1019 g BaSO,. 
Found $: Ba 30.00, 30.46. 
Calculated Ba 30.41. 


* Rambaud {2] found an increment of 1.00 for 1-ethoxyryclopropane-2-carboxylic acid. 
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Neutralization equivalent. The following were the results of titrating 
an accurately weighed quantity of the acid with a b.p. of 135-137° at 8 m by 
O.1N NadH. 


0.1502 g substance: 9.5 ml O.1N NaOH ( o = 0.865). 
0.1640 g substance: 10.4 ml O.1N NaOH ( 9= 0.865). 
Found: equiv. 182.8, 182.3. | 
(C7H,30)COoH. Calculated: equiv. 158.1. 


Direct titration, without heating: ; 
0.3000 g substance: 21.5 ml 0.1N NaOH ( ¢= 0.9755). 
0.2413 g substance: 17.25 ml 0.1N NaOH ( 9 = 0.9755). 
Found: equiv. 161.1, 161.7. 
Calculated: equiv. 158.1. 


Direct titration of the heated solution: 
0.2144 g substance: 13.4 ml NaOH ( @ = 0.9755) 
Found: equiv. 161.4. 
(C7H130)COpH. Calculated: equiv. 158.1. 


Back titration with 0.1N H2S0,. The weighed quantity of acid was first 
dissolved, with heating, in an excess of 0.1N NaOH. . 


0.3000 g substance: 32.2 ml O.1N NaOH-(o= 0.865); 10.9 mi O.1N HoS04 (m= 0.812). 
0.2413 g substance: 28.0 ml -0.1N NaOH 0.865); 11.1 ml 0.1N @= 0.812). 
Found: equiv.157.9, 157.T.- 
(C7Hi30)COcH. Calculated: equiv. 158.1. 


These determinations were made with a preparation of the acid synthesized 
in a different saponification experiment: b.p. 134-136° at & mm. The determin- 
ation was made several months after its synthesis: 


Direct titration without heating: (0.1N NaOH): 
Found: equiv. 166.0. 
(C7H}30)COoH. Calculated: equiv. 158.1. 


Direct titration of the heated solution: 
Found: equiv. 162.0, 162.0. 
(C7H130)COsH. Calculeted: equiv. 158.1. 


Back titretion with 0.1N HoSO,. The weighed quantity of the acid was .. 
first dissolved, with heating, in san excess of O.1N Na0H: 
Found: equiv. 159.0 
(C7H330)COpH. Calculated: equiv. 158.1. 


If the foregoing déterminations are made immediately after the butoxy- 
cyclopropanecarboxylic acid is synthesized, the titration results remain un- 
changed: 


Direct titration without heating: 
Found: equiv. 167, 167.1. 
(C7H)30)COoH. Calculated: equiv. 158.1. 


The discrepancy between the experimental and the computed values of the 
neutralization equivalent when direct titration with tenth-normal alkali in 
the cold was employed was attributed to the presence of the isomeric lactone 
(III) in the acid. 7 


Oxidetion of Acid. 


39 g of the acid with a b.p. of 134-136° at 8 mm was shaken up in the 
cold with 70 ml of a 2% solution of permanganate. As soon es the solution was 
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decolorized, new batches of permangenate in dry, finely powdered form were 
added. A total of 108 g of potassium permanganate was required for complete 
oxidation, the entire process of oxidation taking ebout 10 days (butoxycyclo- 
propanecarboxylic acid is oxidized much more slowly by permanganate than are 
unsaturated compounds). After the manganese dioxide had been filtered out, 
the solution was distilled. When the distillate was decanted from a solution 
of p-nitrophenylhydrazine acetate, we got a small quantity of a tarry deposit 
of the p-nitrophenylhydrazone, which we were unable to characterize. 


The oxidation solution was concentrated (in vacuum) and then acidulated 
with sulfuric acid. The small oily layer of acid that separated out when the 
s0lution was acidulated was extracted with ether. The liquid acid remaining 
after the ether had been driven off was distilled (cf the investigation of 
liquid acids), and the aqueous solution separated from the ether extracts was 
again extracted with ether, but this time in a continuous percolator. This 
last extraction yielded about 6 g of solid acid as large, colorless lamellae. 


a) Investigation of the solid acid. The solid acid fused at 183-184° 
after recrystallization from hot water and was succinic acid, acetate, to 
the analytical data. 


Neutralization equivalent: 
0.1519 g substance: 27.1 ml NaOH 0. (. 0 =°0.9755) 
0.1449 g substance: 25.6 ml NaOH O.IN ( 9 = 0.9755) 
Found: equiv. 58.65, 58.05. 
CoH, (COOH) Calculated: equiv. 59.00. 


Analysis of the silver salt; 
0.1604 g substance: 0.1035 g Ag. 
Found $: Ag 64.52. 
Calculated %: Ag 64.60. 


A test sample exhibited no depression when mixed with standard succinic 
acid. 


b) Investigation of the liquid acids. The following fractions were 
obtained when the liquid acids were distilled: 
Fraction 1: b.p. 110-125° at 760 mm, weight 0.6 g. 
Fraction 2: b.p. 51-58° at 7 m, weight 5.6 g. 
Fraction 3: b.p. 58-130° at 7 m, weight 0.5 g. 


The residue was a mixture of liquid acids and succinic acid. 


The residue was steam distilled to separate the liquid acids from the 
succinic acid. The distillate was extracted with ether. The ether extracts 
were desiccated, and the ether then driven off over a water bath. The residue 
was distilled at ordinary pressure; lst fraction: b.p. 100-155°; Ond fraction: 
b.p. 155-170°.. 


The first fraction was not explored owing to its wide range of boiling 
points, but the second fraction was combined with the second fraction of the 
initial distillation of the liquid acids. 


The combined fractions were rédistilled; this yielded: 2 g of an acid 
with a b.p. of 151-156°; and 4 g of an acid with a b.p. of 156-158°. 


The distillate with a b.p. of 156-158° was investigated, and the data 
obtained were compared with the computed data (or the data known from the 
literature) for butyric acid; 
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B.p. ag 
Acid investigated 156-158° 0.983 0.965 0.963 
Butyric acid 162° 0.97 - 0.960 


Found: MR, 21.85 
Calculated: MR, 22.21. 


Neutralization equivalent: 


0.3461 g substance: 42.7 ml 0.1N NaOH ( ¢— 
0.2669 g substance: 32.8 ml © NaOH ( 9 
Found: equiv. » 83.43. 

CsH7COOH. Calculated: equiv. 88 


The lack of complete agreement between the computed and experimental re- 
sults was attributed to the effect of traces of other acids synthesized as the 
result of oxidation side reactions not provided for in the equation given on 
page a535l. 


Analysis of the individual fractions of the silver lie. prepared from 
this acid by fractional precipitation, left no doubt, however, that the acid un- 
der investigation actually is butyric acid (the 2nd and 3rd fractions of the 
salts): 

Fraction 1 


0.1854 g substance: 0. 
0.1565 g substance: 0. 


Found %: Ag 57.32, 57.23. 
Fraction 2 


0.1720 g substance: 
0.0645 g substance: 
Found $: 


).Praction 5 


0.1164 ¢g substance: 
Found ¢$: 
CsH7COsAg. Calculated 


SUMMARY 


1. 1-Butoxycyclopropanecarboxylic acid can be synthesized from its ethyl 
ester with a yield of as much as 90% of theory by the action of agence or alco- 
holic solutions of caustic alkalies. 


2. Butoxycyclopropanecarboxylic acid possesses the unusual property of 
being hydrolyzed by dilute acids, yielding butyl alcohol and an acid with the 
composition CeH1905. This ready hydrolyzability makes the securing of a pure 
preparation of the acid with a constant boiling point quite difficult. 


3. The titration data force us to assume that the acid contains an impurity 
in the shape of the isomeric butoxybutyrolactone. The latter may be an inter- 
mediate form through which conversion takes place in the processes of hydrolysis 
and oxidation of the cyclic acid. 


ee Butoxycyc lopropanecarboxylic acid is slowly oxidized by a permanganate 
solution to succinic ana butyric acids, which testifies to its cyclic structure. 


| << 
1.3955 
= 0.9755). 
= 0.9755). 
0896 g Ag. 
0.0954 g Ag. tell 
0.0358 Ag. 
Ag 55.46, 55.50. 
0.0644 Ag | 
Ag 55.33 
| Ag 55.35. 
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RESEARCH IN THE FIELD OF THE a-KETONIC ETHERS 


III. THE SELECTIVITY OF HYDROGENATION OF. BENZALACETONE 
ETHER THE PRESENCE OF PLATINUM AND. PALLADIUM 


T.. I. Temnikova and V. A. Kropachev 


A. A. Zhdanov Chair of the Structure of Organic Compounds ° 
Leningrad State University, awarded the Order of Lenin 


In our first paper on the hydrogenation of aaeene ethers fa] we showed 
that when hydrogen is added to benzalacetone ether in the presence of platinum 
black, the process takes place selectively, hydrogen being added to the carbonyl 
group. The principal product formed is the ether of an unsaturated alcohol: 
nethylstyrylcarbinol, and reduction to a glycol, CeH3-CH2z-CHOH-CHOH-CHs, is 
often observed. 


In our previous report [2], we showed that tert-butylstyryl ketone ether 
is not hydrogenated over Pt black, but adds hydrogen sharply and selectively 
when the more active catalyst Pa/Ni is used, the oxide ring being ruptured 
and an a-ketol being formed. 

In this instance we did not find that the ketol was further reduced to 
aglycol. ; 

What has been just said made it appear interesting to effect the hydro- 


genation of benzalacetone ether over a Pa/Ni catalyst under the conditions we 
employed ta hydrogenate tert-butylstyry]. ketone ether. 


Under these conditions, benzalacetone ether (the ether of iin 
ketone) adds hydrogen sharply-selectively, hydrogenation practically ceasing 
when 1 mole of hydrogen has been absorbed. The only reaction product is an 
a-ketol: benzylacetylcarbinol (II). 


The conclusion that the process follows another course when Pd/Ni is used 
as a catalyst instead of Pt black was based on a comparison of the constants of 
the products obtained in hydrogenation with these catalysts, or on proof of the 
structures of the substances synthesized in the present paper. 


The product of the hydrogenation of benzalacetone ether over Pa/Ni is a 
slightly yellow liquid with a b.p. of 96° at 1 mm; 449 1.0853; n§® 1.52403. 


The product of the hydrogenation of benzalacetone ether over Pt black, 
which is methylstyrylcarbinol ether, as was proved earlier {2], has the follow- 
ing constants: b.p. 128-130° at 3 mm; 1.105; 1.53233. 


: Direct comparison of the boiling point of the caupound we synthesized 
with that of methylstyrylcarbinol ether sufficed to indicate the difference 
between the products obtained when Pt bleck and Pa/Ni were used as catalysts. 


aoe of hydrogenation over Pa/Ni yields a semicarbazone with a 
m.p. of 169-170°, and an oxazone with am.p. of 171-173°, which indicates 
the presence of an oxy-ketone group. The conjectured ketol - benzylacetyl- 
carbinol - and its semicarbazone 
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described in the literature. Muller and Pechmann a ae the m.p. of benzyl- 
_methy) diketone as 172-173°. 


Quantitative determination of the amount of the a-ketol in the end pro- 
duct by means of Fehling's solution indicated that under these conditions hy- 
. drogenation follows but one course, rupturing the oxide ring at the phenyl side. 


It should be noted that the figures resulting from the quantitative de- 
termination — 94.5 and 95.5% of the ketol ~— are somewhat low (cf the expermental 
sectfon of this peper), since under these conditions (heating for 30 minutes in 
an alkaline medium) the a-ketol undergoes a change (apparently a ketol condensa- 
tion), as was proved by means of a special test. 


The structure of the synthesized ketol was proved by mena it into 
a glycol by the action of CgHMgBr, followed by the oxidation of the glycol 
with chromic trioxide; treatment of the oxidation products yielded acetophenone, 
— identified as its semicarbazone with a m.p. of 198-199°., which gave no de- 
pression when fused with the known semicarbazone of acetophenone. Benzoic acid 
was isolated from the acid products of oxidation. It follows, therefore, that 
the structure of the glycol is as follows: 


= fous 


Comparison of the aoe of this research with those of a previous one [1] 
showed that hydrogenation of benzalacetone ether either caused only the rupture 
of the oxide ring or else involved the hydrogenation of the’ getonyl group, 
depending on the a conditions. 


/ 
Pt black CeHs-CH-CH-CHOH-CH, [2] 


We were interested in ascer taining whether the nepbewdisnithin processes 
follow the seme course no watter what solvent was used or how the catalyst was 
prepared: does Pt always cause the hydrogenation of the carbonyl group, while 
Pd ruptures the oxide ring to form an a-ketol. To find out we made a series of 
tests to hydrogenate benzalacetone ether over Pd end Pt under varying conditions. 


It should be noted that the ketol (II) can be easily identified by syn- 
thesizing the semicarbazone; it is impossible to demonstrate the presence of 
methylstyrylcarbinol ether (I) by converting it-into a characteristic crystal- 
line derivative when only small semounts are available for research. for this 
reason, the only way we were able to establish the direction of the reaction: 
toward the formation of the ether of an unsaturated alcohol (I), in our ex- 
perinents was by means of a negative reaction with semicarbazide and the higher 
boiling point of the product after it had absorbed 1 mole of Ho. The addition 
product with 2 moles of Ha — methylbenzylethylglycol ~ which boils at a much 
higher temperature, was left in the distilling flask. 


Boiling point of benzylacety]carbinol: 96° at 1 m. 


. Ce 


- . 


. Boiling of ‘methy! styrylcarbinol-ether: 128-130° at 3 m tah 
Boiling point of benzalacetone ether: 123-125° at 7 m fs}. * 
Boiling point of methylbenzylethylcarbinol: 154—155° at 10 m (2). Ae 


In some of the experiments » @ semicarbazone with a m.p. (149~-154° in 
Exper iment 5) that lay between the m.p. of the semicarbazone of ts A 
ether (140-141°) and the m.p. of the semicarb&zone of benzylacetylcarbinol 
(169-170°) was formed in a semicarbazide solution after treatment of the sub- 


‘stance recovered after hydrogenation. Proving the presence of the a-ketol in 


the hydrogenation product in this instance required that it be freed of its ac- 
companying oxide. This was done by treating the synthesized fraction with 
water in the presence of 5% HoS0, to hydrolyze the oxide; hydrolysis yielded a 
mixture of a dihydroxy ketone and a ketol. 


Ether extraction was employed to separate the latter; the ketol readily — 
entered into ether solution, while the dihydroxy ketone remained in the 
aqueous solution. The semicarbazone, with a m.p. of 168-169°, was synthesized 
from the substance that remained after the ether_had been driven off; a test 
sample mixed with the know semicarbazone of benzylacetylcarbinol fused at 
168-169°. 


The most interesting of our experiments on the hydrogenation of benzal- 
acetone ether in the presence of Pt and Pd under different conditions are listed 
iu Tables 1 and 2. 


The data of Table 1 show that the use of Pd as the catalyst makes the 
hydrogenation process selective, opening the oxide ring no matter what method 
of prepating the catalyst or what solvent (alcohol or ether) is employed. It 
may, however, be noted that the hydrogen is added more slowly in ether ‘than in 
alcohol. 


The most active catalyst is Pd/Ni » prepared by the Hinsberg method. The 
most effective solvent is . mixture of ether and alcohol (Experiment 19); 
under these conditions the process of absorbing hydrogen is rapid, - the 
catalysis product can be distilled without further treatment. 


When a new batch of benzalacetone ether is hydrogenated over Pd obtained 
from the hydrogenation process (Experiment 15), the process resembles that 
over palladium black. Hydrogenation does not occur at high speed, and, hence, 
the process does not break off sharply after 1 mole of hydrogen has been added. 
The addition of hydrogen practically ceases, however, after 1 mole = - has 
been absorbed, and the reaction product is the pure a-ketol. 


A different state of affairs prevails when platinum is used as the catal- 
yst, (Table 2). The carbonyl group is then subjected to hydrogenation, and 
the process is less selective. We were able to turn the process toward the 
partial formation of the ketol when using a Pt catalyst by adding a quad. amount 
of hydrochloric acid (Experiment 5). 


It is possible that the addition of HC] tended to increase the ‘iialebuen 
of the oxide ring. The ability of HCl to accelerate the hydrogenation process 
has been commented on more than once [4]. It should be noted, however, that 
the experiment took a very long time, and it is not impossible that under these 
conditions the ether is first isomerized to the diketone, which then rosea seed 
hydrogenation. = 


In none of the other experiments was the a-ketol formed when hydrogena- 
tion was effected in alcoholic or ether solutions and Pt black or Pt/Ni was 
used as the catalyst. The optimum conditions for synthesizing methylstyryl- 
carbinol ether (I) were those employed in the initial research — Pt black in 
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‘absolute ether. In all the other cases ve got mixtures; notwithetanding the 
fact that the experiment broke off after the absorption of a volume of hydro- 
gen that somewhat exceeded 1 mole, some of the benzalacetone ether did not 
enter into reaction, while the process partly continued until the glycol was 
formed. 


When Ft and Pd identical methods were used, the 
rate of absorption of hydrogen was about the same (a maximum when Pa/Ni was 
used in alcohol). 


A difference in the catalytic whined of Pt and Pda had been often 
observed earlier, but in all the instances described in the literature the 
difference in selectivity of the foregoing catalysts with respect to a given 
bond in the molecule or nia a given step-by-step hydrogenation smeunad has been 
noted. 


Thus, tetraphenylethylene is not hydrogenated over Pt, but adds ‘1 mole of 
Ho readily over Pd, forming tetraphenylethsane [Ss]. In their study of the pro- 
cesses of hydrogenation of numerous acetylenic compounds, Y.S.Zalkind and his 
‘associates and 2%V.Lebedev and his associates demonstrated that over Pt hydro- 
genation results in the formation of saturated compounds, saatainad only ethy]-}. 
‘enic compounds are formed when Pd is used [6]. 


We have discovered a new difference between these two catalysts, nemely, 


their ability to display catalytic activity at different bonds wetnen the: same. 
molecule. 


In conclusion, it may be of some interest to consider for a moment the 
problem of the order in which the ether bond is ruptured during hydrogenation. 
Comparison of the results of our previous research with those in this paper 
indicates that the oxide ring in aliphatic-aromatic a-ketonic ethers always 
ruptures at the phenyl.-group end. 


’ The problem of the sequence in which various reagents are added to ethers 
has been discussed in the literature for a long time. A.A.Petrov showed that 
the sequence of rupture of an oxide ring depends on both the ether “structure 

‘and the reagent involved [7]; for example, when alcohols are added to iso- 
butylene ether, various ethers of isobutylene glycol are synthesized, depending 
on reaction.conditions. In the presence of BF, tertiary ethers are obtained, 
whereas when alcoholates are used, we get primary ethers. His experimental 
results led A.A.Petrov to conclude that the acid or boron fluoride are formed 
with complex ethers — oxcnium compounds that result in deformation of the 

ether bond; this opens the oxide ring on the side of the carbon etom having the 
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largest number of substituents. The action of the alicoholates does not in- 
volve deformation of the ether bond, being due to the fact that sicoholates 
reect with ethers more readily than alcohols do. A.A.Petroy's hypothesis was 
further developed in his research on the addition of alcohols to divinyl 
ether [8], as well as in the work of American Chemists, notably Kadesh [9]. 


A. A. Petrov showed that divinyl ether yields various ethers 
of erythritol when reacted with alcohnois under varicus conditions. 
To explain these facts the author conjectured that the carbon atoms of 
the oxide ring have charges of different sign, but he cited no reason 
for this hypothetical distribution of charge; in particular, it is 
hard to understand why the terminal carbon atom, which is linked to an 
electronegative atom of oxygen, should have a negative charge. 


According to Kadesh, the reaction of ethers with the alcchol- ~ 
ates are of the type of bimolecular nucleophilic substitutions at the © 
carbon atom. The less substituted carbon atom, which possesses the 
least electron density, is subjected to the action of the alcoholates 
ion. Kadesh proposes to call this type of reaction a "normal" reaction. 
When the rupture of the ether is occasioned by the catalytic action of — 
hydrchalic acids, an abnormal reaction product is formed; the reaction 
is then "abnormel't acccrding to Kadesh, and is of the type 5S; the 

. moncmolecular rupture of the oxide ring facilitates the resonance 
stabilization of the carborium ion. 


We cannot agree with Kadesh's hypothesis. We believe that both pro- 
cesses are normal reactions. The abnormal reactions are those in ~ the 
transitional. stages of which (in the reactior complex) substances are formed 
that are isomers cf the expected ores, through intramolecular grou: reactions 
and electron shifts,.owing to the fact that energy considerations favor a 
course of the process that is not provided for by structural theory [10], 


In the case in questior both processes are normal, since the substances 
formed in the addition of aicohclis to ethers can be readily derived by using 
the principles of classical organic chemistry. 


In all kinds of organic reactions we must expect that the process may 
follow one of two courses, depending upon what is the factor that causes the 
reaction: 


1) The deformation of the molecule under the influence of the catalyst 
or the solvent; 


2) The direct action of the reagent upon the initiai molecule of the 
substarice: | 

Of: the basic reaction types: substitution, cleavage, and addition, only 
the. first two have been clearly classified as reactions of Class I or I¥ nuc- 
leophilic, electrophilic, and radical substitution or cleavage (sh, Sf, ER, 
etc), from the standpoint of electronic theory and kinetic processes. It 
is advisable to supplement the syrbols adopted for substitution and cleavage 
reactions with other symbols to denote various kinds of addition reactions. 
Thése precesses may also be classified as Class I and IJ nucleophilic, elec- 
trophilic, and radical reactions, and denoted by the following symbols:. 
AX; AW, AB; Ap, Ad, AQ (Additio = addition), depending upon the nature of the 
active reagent. 


Addition reactions to double and triple cavbon-carbon bonds should be 
classed as of the Ag type; addition reactions to multiple bends, conjugated 


! 


“with a carbonyl or group, are of ‘tie Ag type. 


‘advisable to consider, that the addition of various’ to 
ethers are addition reactions and not substitution reactions, as Kadesh does. 


The structure of ethylene oxide be represented as follows in 
of electronic concepts: 


“The of fractional charges. on the atons bose 

. link to the oxygen atom is broken when the oxide ring is. ruptured goyerns the © agent ®> 

.nucleophilic nature of the ‘Processes of addition to a-ethers ° (Ay type). ee 


It-is evident that when: substituents are present, the state of. the. bonds: 
‘in the oxide ring will depend upon ‘the electron characteristics of the groups. 
_ With positive grovps,.stpplying electrons, the C-0 bond will -be more polar 
and more -polarizable under the action of .a catalyst an acid or BFs; thecon- 
“verse holding true for negative groups. In that case, when the: eddition. ofa . 
nucleophilic reagent precedes the deformation of the oxide ring, the ‘bond. that 


. is more polarized under the es action (type Ay). is the one that rup-. 
turés. 


- And if the ruptire the cutie place undei the. ‘in-- 
“fluence of a nucleophilic reagent (an anion or molecule possessing a pair a 
free. electrons), the C-O0 bond in which the carbon atom has a large positive ie 
charge and a lower electron -density: type. AR) will be the one that rup- 
tures. . In ‘the last the steric factor. olignt. to play. an important pert, 


These considerations can be. ‘{1lustrated in the cited. 
.» In an gedion takes Place is:. 


“Yhen the of proton with. the oxygen ‘at High 

: velocity, the reaction velocity is determined by the b’ stage. Substituents: 
.that possess +J and +M effects facilitate the rupture | of the-oxide bonds; in . 
- this case the +M effect is more important, as is indicated. by: the ™ on the 
arcs of the oxide ring in divinyl ether (aaj... 


Under the action of alcoholates, the process takes different turn: 


this case, ‘the more’ electrons are supplied by the the 
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more are the positive charges neutralized and the lower is the electrophilia 
of the carbon atom surrounded by these substituents. 


In the catalytic hydrogenation of a-ketonic ethers and ethers of unsatu- 
rated alcohols, the rupture of the oxide bond always takes place’ (p. a 542) at 
the phenyl end (substituent with a +M effect). The presence of a carbonyl or 
carboxyl group, i.e., of substitue=ts possessing negative electron effects, on 
the other hand, ensures a more stable C—O bond in the oxide ring with regard 
to rupture during hydrogenation. 


It follows from the foregoing that in this reaction the more highly polar 
bond ruptures more readily. It may therefore be stated that the hydrogenation 
reaction is governed by an icnic mechanism; this hypcthesis is supported by ~ 
the observation of the catalytic action of an acid (HCl) in the hydrogenation 
of compounds containing the C-O [4] and C-N [+] groups and an a-oxide ring. 


EXPERIMENTAL 
The benzalacetone ether was prepared by the method described by T.I. 
Temnikova and V.F.Martynov [1] and possessed the following constants: b.p. 12h-. 
126° at 10 mm; m.p. 55.5-56°. 


I. Hydrogenation of Benzalscetcne Ether Over Pd (Table 1). 


Hydrogenation over Pa/Ni was effected as in our previous sesearch [2]. 
Hydrogen was blow through the "duck" containing an alccholic (or ether) solu- 
tion of benzalacetone ether and 1 g of Ni, after which 1 mi of a soiution of 

~PdClo-2NaCl (0.1 g per ml H20) was added, and the rocker motor was started; 
this instant was taken as the start of the hydrogen process. Readings of ab- 
sorbed hydrogen were made every minute. 


We give below the course of hydrogenation by way of supplement to Table 
1. 


Experiment — Used: 1.5 g@ of benzalacetone ethers 50 ml of ethyl 
alcohoi; 1 g of Ni; and 0.1 g of PdClp*2NaC2; p = 765 mm; t = 19°. 


10 15 20 
219.05 | 221.50 | 222.10 1220.6 
0.35 2.45 0.6 


_ Where: T = time in minutes, from start of hydrogenation; 


V = quantity of hydrcgen, in milliiiters, absorbed in time T; 


v = quantity of hydregen, in milliliters, absorbed since the 
previous reading. 


Cerrections for the absorption o? hydrogen by the catalyst were made in 
accordance with the specifications of Ginsberg and Ivanov (15]. 


Reccvery of the hydrogenation product was effected in the same manner 
in all experiments where alcchoi was the sclvyent. 


The catalyst was filtered out in a Gooch filter. The alcchol was driven 
off in vacuum, ard “he residue dissoived in ether. The ether extract was washed 
with water and dried, and the ether driven off (all these deiving-off cperations 
were performed in a current of CCol The residue.was distilled in vacuum. 


In every instance, the principal fraction distilled at 96° and 1 mm (98° 


| 
T 2 4 6 8 
vV | 82:8 164.5 | 214.4 | 218.75 
v 82.0 82.5 49.9 4.35 etc. 


at 1.5 mm); the fractions that toiled at lower and higher temperatures were ex- 
tremely small. ‘The yield of the ketol was as high as 604%. 


ai? 1.0853; 1.524033 MR, 46.22. 


Fa. Caicviateds MR 46.12. 
0.2036 g substance: 0.5415 g 0.1364 g 
0.0648 g substance: 0.1734 g 0.0431 g Hod. 
Found $: C 72.94, 72.93; H 7.49, 7.45. - 
CioHj20s. Caiculated $: C 73.17; H 7.38. 


The semicarbazone was synthesized by mixing the substance with a water- 
alcohol solution cf semicarbazide acetate. ‘The mixture warms up at first, and 
soon crystals begin to settle out, soon filling the whole solution. The yield 
is nearly quantitative. Recryatallizaticn from alcohol yields colorless acicu- 
lar crystals with a m.p. of 169-170°. 


0.1232 g substance: 20.25 ml No (16°, 755 mm). 
Found $: N 19.08. 


The phenylosazcne was prepared by heating a mixture of 0.55 g of the 
substance with 1.22 g of phenylhydrazine in 15 mi of 30% acetic acid for 5 hours 
over a water bath. After four recrystalliizations frem ethyl alcohol we got pale 
golden, lameller crystals with a m.p. of 171-173°. 


0.1026 g substance: ml Np (18°, 769.8 mm)., 
Found $: N 16.34. 
CooHosN:. Calculated $: N 16.37. 


We were unsble to synthesize a crystalline derivative by means of a reac- 
tion with naphthyl isocyanate. . 


Quantitative Determination cf the Percentage of a-Ketol 
By Means of Fehling's Solution [12] 


This determination was performed in paraliel in two Erlenmeyer flasks 
(200 ml), fitted with reflux condensers. A mixture of 10 ml of a CuSO, solution 
(69.28 g per liter), 10 mi of an alkaline solution of Rochelle salt (344 g + 
+100 g of NaOH per liter), ard 20 mi. of water was heated for 10 minutes. An 
ampoule with a weighed quantity of the ketol had been placed in one cf the 
flasks in advance. When the reaction was over, the flasks were cooled with 
jets of water, and 10 mi each of 30% KT and 25% H2S04 were added. The iodine 
that separated out was titrated back with hyposulfite in the presence of starch. 


1) 0.1012 g substance; required 12.2 ml 0.1N hyposulfite solution (blank . 
test = 25.15 mi. hyposulfite). Corputed: 95.33% ketcl in weighed batch. 


2) 0.2318 g substance; required 26.3 ml 0.1N hyposulfite solution (blank 
test = 50.50 ml hyposuifite). Scmputed: 94.23% ketol in weighed batch. 
Determination of Chargeability of the a-Ketol in Alkaline Media ° 


A weighed batch of 0.9776 g of the substance was boiled for 10 minutes 
with an alkaline solution of Rechelie salt (10 mi), aftez which 10 ml of CuSO, 
solution was added; the rest cf the determination was as described above. 


Back titration cf the Ip required 18.3 mi. of 0.1N hyposulfite solution, 
corresponding to 73.56% of the ketol. 


Synthesis of Glycol 


A solution of 3 g cf the ketol in absolute ether was added drop by drop, 


a5hg 


: 

C1 Calculated $: N 19.05. 
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with ice-water chilling and stirring, to an ether solution of CeH;MeBr, pre- 
pared with 1.5 g of Mg. The mixture was then set aside to stand overnight, 
after which it was heated to the boiling point of ether for 3 hours... The or- 
genocmagnesium compound was decomposed with water, and the ether layer separated 
and desiccated over MgSO,. After the ether was driven off, we got a white 
crystalline substance. Recrystallization from ligroin (80-100° ) color- 
acicular — with a m.p. of 108.5-109.5° 


0.1146 g Substance; .0.3328 # C02; 0.0782 g 
O. 1258 g@ substances; 0.3650 g COa; 0.0850 g 
Found he C 79.15, 79. 18; H 7.64, 7-56. 
Calculated C 79.3503. H 7.48. 


The glycol was oxidized with chromic trioxide by the method described 
earlier [13]: 1.2 g of the glycol, 3.2 g of KHSO, in 10 ml of H20, and 0.8 g 
of CrO3 in 4 ml of Hs0. The usual treatment resulted in the recovery of acet- 
ophenone as its semicarbazone with a m.p. of 198-199°.; it exhibited no de- 
pression when fused with a known sample of acetophenone semicarbazone. The 
only acid product recovered was benzoic acid, identified by its —— point; 
a test. sample with Known benzoic acid fused at 121°. . 


“ID. F Os enation of Benzalacetone Ether Over Pt (Table 2 


This hydrogenation was performed like those in all our ‘preceding experi- 
ments, in the apparatus designed by Academician S.V. Lebedev [24] asa "duck". 


Hydrogenation proceeded as follows: 
Experiment 1. 1,6 g of benzalacetone 20 ml of ethyl alcohols 


1 g of Ni;. and 0.1 g of HoPtCle;- p= 767. 53 


fer minute.. 


After removal of the catalyst and the usual treatment, the aetnianeitiins 
products. of Experiments 1 and 2 (Table 2) were recovered and — to dis- 
together, in a 3-nm vacuum. 


Fraction I:  90-101° 
Fraction IIs: *102-115° 
‘FractionIIE 120-135° 


The residue was a tarry mass that solidified upon cooling. 


The semicarbazone synthesized from Fraction I had a m.p. of 141° and — 
caused no depression when mixed with the semicarbazone of benzalacetone ether; 
we synthesized an quantity of the seme Fraction 
II. 


Experiment 5. Used: 6. 24 g of benzalacetone ether; 100 a of ethyl al- 
a apes g of Ni; 5 ml of a 5% solution of HaPtClg; and 0.5 ml of HCL; 


Fractionation of the products in vacuum at 2-2. mm yielded 
the foilowing fractions: 

Fraction I: 87-90° 0.17 

Fraction II: 91-98° g, 


q 


T/L 73 15 16 | 9 {10 | 15 | 3 
| 15135152 | 63] 70] 85] 88}93 | 117.5 ]129.0 |142.0 
vj | 12] 20436 6 [5 |5 21.5] 14.5 | 13.0 | 10.5 
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Fraction IfI: 100-1069 1.34 g, | 
Fracticn IV: 106-110° 1.82 
Vs Residue — tar. 


The semicarbazcne was synthesized from Fraction iI. M.p. after recrys- 
tallization from alcchcl. = 137-1bb°. 


. After 3 days of standing, large crystals (3 x 2 x 1 mm) settled out as 
- prisms -_which proved to be benzalacetcne ether, m.p. 55-56°; a mixed test 
sampie exhibitec no depression. 


The liquid portion of Fractious III and IV was fractionated in a Lum 
vacuum ae the above-mentioned crystals had been removed: ; 


Fraction I: up to 94°. 
Fraction II: 94-96°. 


The semicarbazone of Fraction II, recrystallized from alcchol, had a m.p. 
of 149-154°; a test sample mixed with the semicarbazone of eo 
(m.p. = 169-170° ) fused at. 157-160°. 


0.9 g of the fraction with a b.p. cf 94-96° at 1 mm wae in: 100 
ml of 54 HoSO,, with stirring, for 30 minutes.and heated to 50°. 


Then the ether extract was made of the solution, which had been neutral- 
ized with potash. After it had been desiccated and the ether had been removed, 
there remained a slightly yei-Lowish substance with an extremely small quantity 
of white crystels, which were fiitered out. There was 9.32 g of the liquid 
substance, from which 0.35 g cf the semicarbazone was prepared; it had a m.p. 
of 166-168° and 168.169° after a second reccystallizaticn. 


A test sample exhibil.ed no depression when mixed with the semicarbazone 
of benzylacetylcarbinol. 


1. The differing selectivity of the hydrogenation of benzalacetone ether 
in the presence of Ft and Pd has beer demonstrated. When a platinum catalyst 

(Pt black, Pt/Ni) is used, the cacbcnyl group is reduced, and an oxide of an un- 
saturated alcohol — methylstyrylcarbinol ether ~ is farmed. 


When a palladium catalyst. (Pd black, Fd/Ni) is used, the oxide wing is 
. Yuptured and an a-ket.o].—- benzyiacet tyIcarbinol is formed. 


2. Comparison of the results of this research and of preceding investi- 
gations disclosed a genera] ruic, observable in the hydrcgeration of the a- 
ethers of unsaturated ketones and the a-ethers of unsaturated alcchols of the 
&liphatic-aromatic series: the oxide ring is always ruptured at the side rnear- 
est the phenyl group. 


3. General. corsiderations have been set forth regacding the classifica- . 
tion of reactions, and electronic symbols have been proposed +o denote addi- 
tion reactions (type A). 


- kh. The addition reactions of eicoho! to alpha ethers are nucleophilic. 
If the addition of the reagent precedes ‘he deformation of the oxide ring by 
acids, the reacticn rate is governed by the velocity of rupture of the oxide 
ring; the reaction. is monomelecular (type Ag). 


If the addition of the oxide is effected by the direct action of the 
nucleophilic reagent, the reaction is bimolecular (type Ay) - 


; 

| 

| 
| : 7 : a5]. 
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THE. SACCHARIN REARRANGEMENT OF THE DISACCHARIDES 


IV. ISOMERIZATION OF GLUCOSIDO-3-GLUCOSE TO BIOSACCHARINIC ACID 


A. M. .Gakhokidze- 


In our previous paper [1] we studied the iscmerization of maltose to 
maltosacchsrinic acid. The present paper is devoted to the analogous : rear- 
rangement of glucosido-3-giucose. 


Glucosido~3~; ‘lyicose was converted into hexacetylglucosido-3-glucal (I) 


via the octacetat bromine derivative. Passing anhydrous chlorine 
through a of hexacetylglucosido-~3-gincal yielded 1,2- 
~~ dpes=glucose (II), which is readily convertible into 
monoch (411) by the action of wet silver 
carbonate. Remt: Er. ‘compound with jead oxide converts it into 
(Iv)... 
“HCL | 
3 
| HCGAc | | 
CH30Ac CH20Ac CHa0Ac CH>0Ac 
(xx) 
| 
Hc HC - HCOH 
CH>OAc CH>0H CH>OH 


The acid was identified through its derivatives: the calcium and barium 
Salts, the phenylhydrazide, and the methyl. ester. 


EXPER IMENTAL. 
1. 


200 ml of 60% acetic acid was poured aver 30.5 g of acetcbromoglucoside- 
3-glucose (m.p. 162°, [a]§°? + 12.8°, in chloroform) 5 4O g of. zinc dust, was a 


| 


added, and the mixture was agitated mechanically for 2 hours. ; The solution was 
then diluted with 500 ml of water, and the reaction product was triply extracted 
with chloroform. The chloroform solution was washed, dried, and evaporated. 


The syrup obtained after the chloroform had been evaporated “crystallized rapidly. 


The substance was purified by recrystallization from alcohol. The yield was 
17.2 g, or 78% of theory. 


‘Wp. 10%; + 18.4° (in 


0.1684 g substance: 17.8 ml 0.1N NaOH solution. 
0.1619 g substence: 17.3 ml O.1N NaOH solution. 
Found %: COCHs 45.81, 46.18 
Calculated %: COCHs 46.07. 
0.0521 g substance: 16.1 ml bromine solution, T 
0.0620 g substanoe: 20.2 ml bromine solution, Ff 
.. Found %: Br 21.84, 22. M5. 
Calculated %: Br 22. 22. 


2. a-Glucosido-2-arabic Acid . 


; 6.5 g of hexacetylglucosido-3-glucal was dissolved in 100 ml of glacial 
acetic acid, and a current of oxygen, containing 3-5% of ozone, was passed - 
through.the solution. After oxidation was complete (bromine-water test), the 
solution was diluted with 300 ml of ether, 60 g of zinc dust was added, and the 
whole was heated, with stirring, over a water bath in a flask fitted with a re- 
flux condenser. The ether layer was separated from the acetic-acid layer, was 
washed, desiccated, and evaporated to dryness. The residue was dissolved in 
ethyl alcohol and left to stand in a cool place. The hexacetyl-a-glucosido-2- 
erabinose -gredually crystallized. The crystals were filtered out and recrys- 
tallized from ethyl alcohol for purificetion. The yield was 4.4 g, or 69% of 
theory. 


M.p. 142°; + 25.8° chloroform). 
0. g substance: 12. 3 ml O.1N 
0.1302 g substance: 14.4% ml 0.1N WaOH solution. - 
Found %: COCHs 45.24, 46.09. 
CosHa2015. Calculated %: COCHs 45.74. - 


4.1 g of hexacetylglucosido~2-arabinose was dissolved in 100 ml of 
absolute alcohol. After the solution had been chilled, a chilled solution 
of sodium alccholate (1.1 g of sodium in 100 ml of aleche2) was added. The mix- 
ture was vigorously agitated mechanically for 1 hour, after which it was poured 
into 150 ml of water. The solution, neutralized with acetic acid, was evapora- 
ted to a small volume in vacuum. The residue was dissolved in 500 ml of branine 
water and left exposed to light for 3 days. After the solution had been boiled 
snd neutralized with calcium carbonate, it was evaporated to small volume. 

When absolute ethyl alcohol was gradually added to the ee flakes of 
calcium glucosido-2-arabinate precipitated out. 


0.1704 g substance: 0.0154 g 

0.2272 g substance: 0.0187 g Cad. 

Found $%: Ca 5.85, 6.04. 

Calculated Ca 5.77. 


Glucosido-3-(2-deso: ~flucose, 2=-Descxy 


Acid 


6.4 g of glucosido-3-glucal (m.p. 160-162°), obtained by saponifying the 
hexacetate, was dissolved in 300 ml of a 5% solution of sulfuric acid, and the 
solution thus prepared was set aside to stand at room temperature for 2 days. 


= 0.0009. 
= 0.0009. 
| 


—_ 


*, 8Glution was then eyaporated to minimum vaiue, and the residue was mixed with 


After the solution bad been neutralized with barium carbonate » it was evaporated 
in vacuum until it turned into a thick syrup. The syrup was mixed with absolute 
ethyl alcohol and left to stand in a porcelain dish. 

The glucosido-3-(2-dexoxy)-glucose gradually crystallized. The yield was 
5.1 g, or T7% of theory. 

M.p. 188°; [a]§° + 22.6° (in water). 


0.0560 g substance: 0.0908 g COa; 0.0326 g 
0.0927 g substance: 0.1442 g C025 0.0619 g H20. 
Found %: C i 70, 43.95; H 6.29, 6.47. 
Calculated $: C 303 H 6.75. 


The phenylhydrazone of glucosido-3- (2-dasoxy) -glucose prepared by reacting 
phenylhyérazine with the glucosido-3-(2-desoxy)-glucose in the presence of ethyl 
alcohol and acetic acid, has a m.p. of 180~-181°. 


0.1004 g substance: 6.1 mL No (16°, 730 mm). 
0.1214 ¢ substance: 7.6 ml No (16°, 730 mm). f- - 
Found $: N 6.82, 6.98. ee 
Calculated $: H 6.74. 


Heating glucosido-3~(2-desoxy)-glucose with acetic anhydride in the pres- 
ence of anhydrous sodium acetate yielded heptacetylglucosido-3-~(2-desoxy)-glu- 
cose, with a m.p. of 175~176°. 

0.0840 g substance: 11.1 ml 0.1N NaOH solution. . .. 

: 0.1369 g substance: 14.4 mi 0.1N NaOH solution. 

Found $: COCHg 48.69, 48.92. 
CoeHs6017. Calculated %: COCHg 48.55. 


2.8 g of glucosido-3-(2-desoxy)-glucose was dissolved in 300 ml of bromine 
water, and the solution was set aside to stand in the light for two days, with 
frequent stirring. Then the boiling solution was neutralized with calcium 
cerbonate and filtered. When sbsolute ethyl alcohol was gradually added to the 
concentrated soiution, flakes cf the calcium salt of glucosido-3- (2-desoxy) - 
gluconic acid settled’out. The precipitate was filtered out, washed, and dried. 


0.0825 g~ substance: 0.0058 g Cad. 
0.1147 g substance: 0.0092 g Cad. : at 
Found Ca 4.98, 5.72. 
(Cy2H2101,) Calculated $: Ca 5.54. 


When the calcium salt of glucosido-~3-(2-desoxy)-giuconic acid was precip- 
itated with the calcniated quantity cf oxalic acid and the filtered solution 
was then evaporated to a thick syrup, the lactone of glucosido-3~(2-desoxy)- 
giuconic acid was synthesized. The syrup crystallized after a few ae 


M.p. 131-1352°; {azo + (in water). 


0.0904 g substances 0.1464 g COz; 0.0481 g 
_ 0. 1340 g substance: 0.2189 g 0.0765 zg 
Found $: C Wh.67; 5.92, 6.35. 
Calculated $: C 44, H 6.17. 


2.4 g of hexacetylglucosids-3-gliucal was dissolved in 100 ml of anhydrous 

chloroform, and a chlorofcerm solution of bromine was added to the chilled solu- 

tion until colar appeared. The sclution was set-aside for 3 days, and whenever 
it was decolored, mare of the chlcroform solution of bromine was added. The 


| 


solution was then evaporated to minimum value, end the residue was mixed with 


- petroleum ether. The 1,2-dibromohexacetylglucosido-3-glucose gradually crys- 


tallized. The substance was purified by recrystallization from a 1:5 mixture 


of ethyl alcohol and amyl alcohol. The yield was 2.2 g, or 73% of theory. 


M.p. 159°5 1 = 0.53 ¢ = 0.453 [a]f° + 10.09°5 + bh 8° (in chloroform). 


0,1062 g substance: 0.0549 g AgBr. 

0.1389 g substance: 0.0705 g AgBr. 
| Found Br 21.98, 21.64. 
Co4H32015Bro. Calculated Br 22.22. 


1,2-Dibramohexacetylglucosido-3-glucose dissolves in chloroform, 
acetate, tetrachloroethane, and ena alcohol. It turns black in —_ ee 
hydrogen bromide. 


_ 12.5 g of hexacetylglucosido-3-glucose was dissolved in 200 ml of anhy> 
d-ous chloroform, and a current of anhydrous chlorine was passed thro the’ 
chilled solution. After the reaction was complete (bromine water test), the . 
solution was evaporated to small volume. Gradual addition of petroleun. ether 
to the residue caused crystals of 1,2-dichlorohexacetylglucosido-3-glucose to 
settle out. This substance was purified by double recrystallization from a 
1:5 mixture of ethyl and anyl alcohols. The yield was 11.2 g, or 19% of theory. 


M.p. 161-162°; 35 c = O.4; + 10.84°; [a]§° + 54.2° (in tetra- 
ehleroethene). 


0.0959 g substance: 0.0556 g AgCl. 
oO. 1121 @ substance: 0.0515 g Agcl. 


; Found $: Cl 11.95, 11.49. 
Calculated ci 11.35. 


1,2-Dichlorohexacetylglucosido-3-glucose dissolves in chloroform, acetone, 
ethyl acetate, and tetrachloroethane. Exposure to air does not decompose it. 


6. Mono-2-chlorohexs 


10.8 g of 1,2-dichlorohexacetylglucosido-3-glucose was dissolved in 150 
ml of anhydrous chloroform, 5.8 g of wet silver carbonate was added, — the 
solution was then agitated mechanically for 5 hours. ‘ i 


After the reaction was complete (bromine-water test), the solution was 
filtered and evapcrated to small volume. Mixing the residue with petroleum 
ether caused crystals of mono-2-chlorohexacetylglucosido-3-glucose to settle 
out. The substance was purified by recrystallization from ethyl alcohol. The 
yield was 7.8 g, or 75% of theory. 


M.p. 169°s 1 =.0.53 c = a + 8.3°3 [a]2° + 39.8° (in chloroform). 


0.0702 g substance: 0.0163 g AgCl. 

0.0998 g substance: 0.0249 g AgCl. 

Found %: Cl 5.82, 6.23. 
Calculated %: CL 5. 79. 


1. Glucosido-3-glucosaccharinic acid 
7-6 g of was dissolved in 
ml of chloroform. 400 ml of water and 30g of freshly prepared lead oxide were 
added to the solution, which was’ then heated over a water bath for 30-35 hours’ 


(halogen test) with constant stirring in a flask fitted with a reflux condenser. 
At first, the ‘temperature of the water bath was kept at 60-80°; it was raised 
to 90-100° toward the end. The fiitered solution was washed with water. The 
precipitate was suspended in water, the lead being thrown down with hydrogen 
sulfide. The solution was filtered, heated to ~emsve the hydrogen sulfide, and 
then combineqd with the principal water-chicroform soluticn. The combined 
solution was evapcrated to dryness, the reducing substance being leached out of 
the residue with organic solvents. The precipitate was dissolved in water, and 
a current of hydrogen sulfide was again passed through the solution. The fil- 
tered solution was heated with calcium carbonate. The solution was filtered 
to remove the excess calcium carboaate and then evaporated to small volume. The 
gradual addition of absolute ethyl alcohol to the remaining concentrated solu- 
ticn caused flakes of the calcium salt of glucosido-}-giucosaccharinic acid to 
settle out. The yield was 4.1 g, or 79% of theory. | 

0.0721 g substance: 0.0058 g 

0.1008 g substance: 0.0085 g Cad. 

Found $: Ca 5.82, 5.99. 
Calculated $: Ca 5.54. 


Decomposition of the calcium salt of gluccsido-3-glucosaccharinic acid 
with a computed quantity of oxalic acid amd subsequent evaporation of the fil- 
tered solution yielded a syrup of the lactone of giucosido~3-glucosaccharinic 
acid. When the syrup was mixed with absolute alcohol, it crystallized after 
several days elapsed. B.p. 131-132°; [a]§° + 42.1° (in water). A test semple 
caused no depression when mixed with glucosido.-3-(2-desoxy)-gluconic acid. The 
yield of the lactone was 2.8 g, or 72% of theory. 
- 0.0949 g substance: 0.1545 @ COs; 0.0513 g Hal. 
0.1203 g eubsiance: 0.1972 g 0.0648 Hod. 
Found $: 58.55, B 5.98, 6.01. 
Cy2Hs0010- Calculated %: C 44,4b, H 6.17. 
The m.p. of the phenylhydrazide of glucosido-3-glucosaccharinic acid 
is 178~-180°. 


0.0848 g substance: 5.4 mi No (19°; 730 mm). 

; 0.1017 g substance: 6.2 ml No (19°, 730 ma). 

Found %: N 7.01, 6.83. 
Calculaied $: N 6.45. 


8. Methylation and Rydvolysis of Giucosido-3-giucosaccharinic Acid 
The acid was methylated by dimethyl sulfate in the presence of an alkali. 
10.4 g of the calcium salt of glucesido-3-glucosaccharipic acid yielded 8.9 g 
of the methylated product, cr 68% of theory. 


1.4987; + 12.5° (in chlerofarm). 
O,0522 substance: 0.2115 g Agl. 
0.0702 « substance: 0.2835 g@ AgT. 
Found OCH; 54.19, 54.09. 
Goolsa0,,. Caiculated $: 54.82. 


Boiling methylated sacchavinic acid with a dilute solution of sulfuric 
acid yieided methylated giucosacchartnic acid and a methylated glucose. After 
the solution had been neutralized with caicium carbonate and filtered, the 
methylated gluccse was exsracted with chlorcform. Evaporation of the chloroform 
yieided crystals of 2,3,4,6-tetrametbyiglucose. 


- 
‘ 
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edt 


0.0626 g substance: 0.2475 g 
0. 0652 substance: 0.2553. g 


Found %: 52. 69; 52. 
Calculated. %: OCHs 52. 56. 


anilide of tetramethylglucose. has a m.p. of 
+232.4° acetone), which agrees with the published data [4]. . 


After the tetramethyl glucose had been removed, the solution’ was ‘evapor- 

' ated to small volume. The gradual addition of absolute ethyl alcohol to the | 
concentrated solution caused flakes of the calcium artho= 
. @lucosaccharinic acid to settle out. 


The’ ‘calcium salt was purified by converting it ea ‘the barium salt. 


0.0642 g substance: 0.0261 g BaSQ,. 
0. 0789. substance: 0.0319 g:BaS0O,4. 
"Found $2 Ba 23.97, 25.80. 
Calculated ‘Ba 23. 68. 
has been synthesized. ; 


2. 1,2-Dichloro- and as vel as 


have been synthesized... 
3. Oxidation of glucosido-3-glucal yields 


3). A Gakhokidze, Gen. Chem. , 18, 60. 
[2] aA. Gakhokidze, 3. Gen. Chem. , 16, 1923 (1946). 
[3] W. Haworth and assoc., J. Chem. Soc., 1927, 2809. 
[*] 2. Pringsheim, A. Steingroever, Ber., 1001, 926). 
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SYNTHESIS OF KETONES FROM CYMENE AND THE FEASIBILITY OF 


UTILIZING THEM IN THE GRIGNARD SYNTHESIS OF ALCOHOLS 


M. S. Malinovsky and G. K. Barebashova - 
Gorky State University 


Laboratory of Organic Chemistry, 


Cymene has been attivacting mpve and mare attention of late from research 
workers owing to the fact that it. is produced in conside~able quantity as a 
by-product in the sulfite digesticr of cellulose. According to Tumbin {.], 
10 to 12 kg of sulfite oil, ccntaining 70-80% cymere, ave obtained from a ton 
of cellulose. Greggins [2] reports that in the USA as much as 3000 tons of 
cymene are recovered from sulfite tuxpentine. Thus, as a cheap material, 
cymene naturally attracts the attention of researchers, and the literature is 
full of papers on the nitraticn or sulfonation of cymene, as well as the syn- 
thesis of various dyestuffs from aminocymene. But some of the topics related 
to cymene-still remain insufficiently explored. There is only one paper by 
Claus [3] on the synthesis of the ketones in the litezature; he synthesized 
cymene ketones from cymene and the corresponding acid chlorides by means of 

the Friedel-Crafts reaction in a hydrcegen-suifide medium and in the presence 

of aluminum chloride. The synthesis of aceto-p-cymene he +he Friedel-Crafts 
reaction in a hydrogen-sulfide medium is described in The Synthesis of Organic 
Preparations [4]. We :resoived +o work out the pean of cymene ketones 
without hydrogen sulfide in a medium using cymene in excess as a solvent. We 
synthesized the following ketones: 

1) Aceto-p-cymene or 2-methyl-5- with a yielée of 5. 
(the yield in a hydrogen-sulfide medium is below 50%). 

2) 2-Butyro-p-cymene or with ¢ yield of 
30% (the yield in a hyérogen-sulfide medium is below 25%). 

3) 2-Ischutyro-p-cymene cr The yield 
cf the ketone is 24.6% (there are no figures on the yield of this ketone in 
the literature). 

4) 2-Isovaleryl-p-cymere ar 2-methyl-5-iscopr opylisovelercphenone, with a 
yield of 28.4%, whereas the yield dces not exceed 18% in a sic paal sulfide 
medium. 

5) Chloroaceto-p-cymene or 2-methyl-5-isopropyl.chloroacetophenone, with & 
yield of 30.2% (no yield is mertioued in the literature). 


6) Lastly, we have synthesized for the first time 2-benzoyl-p-cymene or 
2-methyl-5-isopropylbenzophenone, with a yield of 25. 5%: 


The ketones we synthesized have properties that fully correspond with those 

of the ketones described by Claus, which indicates that the ketone group entered 

" ’ the ortho position to, the methyi-cymene radical even when no hydrogen sulfide 

| “was present. This was also carrobcrated by the oxidation of the ketones to 
methylisophthalic acid. With vwo of the ketones, namely, aceto-p-cymene and 


. 
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iscbutyro-p-cymene, we tried to synthesize alcohols, reacting these ketones with 
Grignard reagents prepared from ethyl bromide and ethyl iodide. But we got no — 
reaction in either case; the unchanged ketone was recovered. Supposing that 
raising the temperature of the reaction mixture would bring about a reaction 
anyhow, we heated the mixture, after the ether had been driven off, for 2 hours 
at 110° in a toluene medium, but again failed to obtain a reaction. -Thus, a 
Grignard reagent does not react with the ketones n heenaeneante from cymene, 
probably because of steric hindrances. : 

H 


EXPER IMENTAL 


1. Synthesis of Aceto-p-cymene : : 


For this synthesis we took 34 g of acetic anhydride (1/3 mole), 133 g of 
aluminum chloride (1 mole), and 200 g of cymene. The cymene and the aluminum 
chloride were placed ina flask with a reflux condenser, the mixture was chilled 
with ice, and the acetic anhydride was gradually added to the contents of the 
flask with constant stirring. After all the anhydride had been added, the mix- 
ture was heated for 5 hours over a boiling water bath until no more hydrogen 
chloride was evolved. Then the flask was cooled, end the coordination compound 
within it was decompdsed with ice, hydrochloric acid being added to dissolve 
the basic salts of aluminum. The top layer, which constituted a solution of 
.the ketone in cymene, was separated out, washed several times with water, and 
desic¢cated with calcivm chloride. After desiccation, the cymene solvent was 
driven off at temperatures up to 180°, and the. residue of 59 g was distilled 
in vacuum: 


Fraction I: B.p. 100-125° at 6 mm ........23 
Fraction IT: B.p. 125-127° at 6 WM 2350 


The first fraction is a mixture of cymene and the ketone, whereas’ the sécond is 
pure ketone, with a yield of 51.7%. The ketone is a colorless liquid with a 
pleasant ‘seroma that reminds one of acetophenone: b.p. 2hT~2h9° at, 156 mm and 
125-127° at 6 mm: 


5° 1.502; aB8 0.9510; MRp 54.50. Calculated: 54.02. 


0.1098 g substance: 3276 g COs; 0.0942 g H20. 
Found C 81.357; H 9.53. 
Calculated $: C 81.82; H 9.16. 


Reacting it with hydroxylamine Res He in the presence of ‘sodium 
acetate ylelded the oxime as a thick oil that did not crystallize’ upon cooling 
nor after prolonged standing. Oxidizing the ketone by heating it, with potassium 
permanganate in an alkaline medium yielded 1-methylisophthalic acid, with a m.p. 
of 332°, identified by its characteristic properties [3] (the m. p. of this acid 
is cited as 330-532°). Besides the l-methylisophthalic acid, a small quantity 
of 1-methyl-4~isopropylphenyl glyoxylic acid, a viscous yellow oil » was formed 
during oxidation’.(Claus also found that this acid is formed as a by-product in 
the oxidation of aceto-p-cymene). Oxidation of the ketone by heating it with 
concentrated nitric acid yielded 1,2,4-trimellitic acid [5] with a m.p. ‘of 228°. 
(The given in the literature is 208°), 


We syathesized this same by reacting acetyl with 
200 g of cymene in the presence of 65 g of aluminum chloride. The method of 
synthesizing the ketone with acetyl chloride does not differ from that described 
Fractionation yielded.ii7 of the ketone with a m.p. of 247-259°. Thus, 
here the yield of the ketone is 55% of theory. 


In the literature the following constants are cited for aceto-p-cymene: 
B.p. 248-250°; d° 0.9713; 0.9715; 0.956. 


2. Synthésis of 2-Butyro-p-cymene 


For this synthesis we took 45 g@ of butyryl chloride, 55 g of aluminum 
chloride, and 230 g of cymene (the excess serving as a solvent). Synthesis 
was effected as in the first experiment. After the excess cymene had been 
driven off, the residue was fractionated in vacuum: ae 


Fraction Is B.p. 100.-155° at 12 MIM wwocece 41 &> 
Fraction II: B.p. 158-160° at 12 mm ...... 


The first fraction was a mixture of the ketone and cymene, whereas Fraction 
2 was the ketone proper.. The yield of the ketone was 30.0% (in terms of the 
acid chloride). The ketone is a liquid with a pleasant aroma. It boils at 
264-266° at atmospheric pressure (265 -266° weccording to the literature [3]): 


p35 1.513; 0.945; MRy 63-545 CasHocO. Calculated MRp 63.26. 


‘The oxime is a viscous yellow oil that does rot crystallize upon cooling. 
Oxidation of the ketone with potassium permanganate in an alkaline medium 
yieldeds methylisophthaliic acid with a4 mp. of_332°, in addition to l-methyl- 

_ 4-isopropylphenylglyoxylic acid, a thick yellow oil, as in the previous syn- 
thesis. 

0.2133 g substance: 0.6420 g 0..1879 g Hod. 

‘Found $: C 62.09 H 9.75. 
C34H200. Caiculated Cc 82.35 9.80. 


When 10 g of the ketone was subjected to Clemmensen reduction with 50 g of 
amalgamated zinc and 200 ml of hydrochloric acid, we got this hydrocarbon: 
1-methyl-2-butyl--isopropyibenzene, with a b.p. of 233-235°: 


nb° 1.511; 0.909; MRp 62.9. Calculated: 63.4. 


Claus synthesized this same hydrocerbon by seducing 2-but.yro-p-cymene with 
iodine and phosphorus. The constants of this hydrocarbon are given as follows 
in the literature: b.p. 235°, a?” 0.892. 


Synthesis of 2-Isobutyro-p-cymene 


The ketone was synthesized by the method described above from 36 g of iso- 
butyryl chloride, .200 g of cymene, and 45 g of aluminum chloride... Fractiona- 
tion of the mixture in vacuum yielded the following fractions: 


Fraction I:-B.p. 200-160° at 7 mm...... 18 g, 
Fraction Ii: B.p. 165-167° at 7 mm ...... 17 g, 
Residue (tax) 6 


The yield of the ketone in Fraction 2 was 24.6%, based on the acid chloride. 
The ketone is a slightly yellowish liquid with the odor of acetophenone. It 
boils at. 257-259° (758 mm): 

1.5045 dis 0.9523 MRp 63.02. CysH 0. Calculated: MRp 63.26. 


0.1134 g substance: AZ#05 g COp. 6.0988 g 
Found $: © 81.915 H 9.65. 
Ci4Ho00. Calculated $: 82.35; H 9.80. 


Oxidation of .the ketone yielded i-methyiiscphthalic acid, as in the 


| 
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preceding cases.. Clemmensen ‘reduction ‘of the ketone yielded the Hydrocarbon l- 
methyl-2- isobutyl-~1sopropyl-benzene , a colorless liquid with a slight, in- 
distinguishable odor and a b.p. of 228-230°; aj3 0.921. } 


The constants of this ketone are given in the literature as: b.p. 259°. and — 
a}® 0.957, end a bd. P of 230° and a7? 0.916, for the faregoing hydrocarbons. 


Bynthests of 2-Tsovaleryl-p-c ymen 
The ketone was s thesized, as before, from 270 g of cymene, 60 g of isoval- 
, eryl chloride, and 67 g of aluminum chloride. rence the cymene Had been driven 
off, the residue was fractionated in vacuum: 


Fraction I: B.p. 100-140° at.6 mm 26 8, 
Fraction, II: B.p. 145 ~145° at Gmm...... 31g, 
~ (par) ere 12 g. j 


Fraction 2 is the pure ketone » the first fraction being a mixture of the 


ketone and cymene. 


The yield of the ketone was 08. ut, “based on. — acid chloride, . The ketone 


is a slightly yellowish liquid with a ‘pleasant aroma and ¢ a b.p. ot 268-270° at 
atmospheric pressires- 


nip 1.500; 423 0.94105. MRp 67.05. Calculated: My 67. 48. 


0.1406 g substance: 0.4243 g COa; 0. 1243 
Found B C 82.29; H 9.81. 
‘Calculated %: C 82.57; H 10.09.. 


The oxime of the ‘ketone, a yiscous that did not: solidify | was synthes- 
ized. Methylisophthalic acid, with a m.p. of » was Oxidation - 
of the ketone with potassium permanganate. 


ensen reduction of the ketone yielded a hydrocarbon; 


with a b.p. 2!4-245°, 0.8920; 1.502. 


The following constants axe given for the ketone in the literature: b.p. 
270-272° 5 a” 0, ahi with those of the hydrocarbon given as: b.p. 245-246°; 
a*’ 0.890. 


5. Synthesis of Chloroaceto=p+cyme ne 


The ketone was synthesized, es in the first experiment, Syne 170 g of cymene, 
30 g of chloroacetyl chloride, and 34-g of aluminum chloride. Fractionation in 
vacuum yielded the following fractions: 


‘Fraction T: B.p. 100-150° at 8 mm 26 &.! 
Fraction II: B.p. 153-155° at 8 mm ....... 17 ger 


The second fraction was the chloreketone. The yield of the ketone was 30.2% 
in terms of the acid chloride. It is a slightly pinkish liquid with a strongly 
‘acrid odor that causes tears: 


nf? 1.520; 438 1.075; MRp 59-40. Calculated: MRy 58.90. 


0.8322 g. substance: 0.5532 g AgGl (Stepanov method) .- 
eh Found $: Cl 16.54. 
Calculated Cl 16.67. 


‘Treats ‘ent ‘with hydroxylamine hydrochloride yielded the oxime as a thick oil. 
The following constants are given for this ketone in the mbdehettciciuiles -p. 158- 
160° at 20 1.101 [6]. 


‘ 


. 


6. Synthesis of 2-Benzoyl-p-cymene 


This ketone was synthesized from 110 g of cymene, 23 g of benzoyl chloride, 
and 22. g of aluminum chloride by the method used above. It should be borne 
in mind, however, that boiling over the water bath causes considerable tarring 
of the mixture, ‘and we therefore recommend that heating be done at 50-60° and 
no higher. Moreover, when the cymene solution of the ketone is washed with 
water (after decomposition of the reaction mixt ture), a very stable emulsion is 
formed, which separates extremely.slowly. To avoid formation of this emulsion 
ether must be added. The residve was fractionated in vacuum after the solvents 
had been driven off. 


Fractien Is Bop. 160-186* at 5 mm ..... 32 g. 
Fraction Ile B.p. 183-185° at 5 TUM 12 
Residue (tar) rrr rer 5 &- 


Fraction 1 is a mixture of the ketone and cymene, Fraction 2 being the pure 
ketone. The yield of the ketone was 25.5%, based on the acid chloride. The 
ketone is a viscous, yellowish oi] with an aromatic odor, which does not crys- 
tallize upon standing and chilling to -10°. 


ny 1.5345 1.02513 MRp 72.52; Ci7His0. Calculated: MR) 73.00. 


0.0778 substance: 0.2438 g COs; 0.0525 g@ Ho0. 
0.1336 substance: 0.4183 g COs; 0.0869 g 
Found %: C 85.23, 85.32; H 7.49, 7.21. 
Calculated %: C 85.71; H 7.56. 


The oxime is an extremely viscous oil, as in the preceding experiments. 
The position of the carbonyl group in the ketone was determined by oxidizing 
it by heating it with potassium permanganate in an alkaline medium. This 
yielded, as in the ketones discussed above, 1-methylisophthalic acid with a 
m.p. of 231-232°, identified by its characteristic properties. Thus, it 
may be concluded that the CgH-CO group of the benzoyl chloride was also in 
the crtho position to the cymene wathyi radical. 


LL: Endeavor to Synthesize Tertisry Alcohols from Cymene Ketones 
by the Grignard Method 


20 g of aceto-p-cymene was added to a Grignard reagent, prepared in the 
usual manner with 3.5 g ef magnesium and 22 g of ethyl bromide. Owing to the 
fact that no outward signs of reaction were manifested, we drove off the ether 
over a water bath, and then poured in 100 g of anhydrous toluene. The mixture 
was then heated for 6 hours, with the toluol boiling gently. The mixture was 
then subjected to the usual treatmert. Fractionation yielded the unchanged 
ketone. Exactly the same results were obtained with 2-isobutyro-p-cymene, when 
this experiment was repeated with it, the ketone being recovered unchanged. 


Nor did substitution of ethyl iodide for ethyl bromide ayaa Seng the Grignard 


reagent yield any better resuits. 


SUMMARY 


1. The feasibility ef synthesizing cymene ketones without ‘the use of hydro- 
gen sulfide, in a medium consisting of an excess of cymene as a solvent, was 
investigated. 


2. It was shown that under these conditions ketones of cymene can be syn- 


thesized with yields that ave not inferior to those cbtained in a hydrogen- 
sulfide medium. 
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3. A new ketone, not previously described in the literature, viz.; 2-benzoyl- 
p-cymene, has been synthesized. . 


4. Efforts to synthesize tertiary veeahonegaaa from the synthesized hetenen by 
means of a Grignard reaction were fruitless. In all instances the ketone was 
recovered unchanged. 
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METHOXYAMINO-SUBSTITUTED 
é,a, DIPHENYL- 6,8, 8-TRICHLOROETHANE 


N. Shchukina and BE, D. Sazonova 


‘6. Ordzhonikidze All-Union Research Institute 
of Pharwaceutical Chemistry, Moscow 


Of the derivatives of with substd- 
tuted oxy and amino groups in various ring positions, only a,a-(h, 4" ~dioxy- 
synthesized from ¥ -atoxydi- 

phenyltrichloroethane by nitration and subsequent reduction [1], has been known. 
To prepare isomers of this compound we employed condensation reactions of the 
acetaminophenols with chloral, expecting to synthesize the corresponding com- 
pounds with the hydroxyl groups in the para position to the trichloroethylidene 
radical (or in the ortho position, if the para position is occupied), since the 
acetamino group greatly hinders the cnndensation of aromatic compounds with: 
chloral [2], “whereas the oxy and methoxy groups facilitate condensation very 
readily, sharply orientating it toward the para position [3]. 


€ We used ortho, para, and meta acetaminophenols, with the corresponding 
acetanisidides, for this reaction. It was found that o-acetaminophenol, o- 

-acetanisidide, p-acetanisidide, and m-acetaminophenol condense with chloral 
in the-presence of yielding the respective tetra-substituted 

diphenyltrichlaroethanes' Tt =). 


CH,CONH 


NHCOCHs 
(I) (Vv, III) 


Q 
& 


ROY | CH— 
where: R = and R = (III, X). 
. p-Acetaminophenol 
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which had been synthesized earlier by Chattaway and Calvet [4] by condensing 
p-aminophenol with two molecules of chloral and then acetylating the amine. 


m-Acetanisidide could not be condensed. with chloral in the proportions of 
two molecules of the aromatic compound to one molecule of chloral, the only 
product being (XI): 


{X) was prepared by alkylating 
chloroethane with methyl itodide. 


The synthesized acetyl derivatives were converted into the corresponding 
amines by saponification: with hydrochloric acid and isolated as free bases or 
as their hydrochlorides (II, VI, IV): 

OR OR 
CH 
NH2 2 
VIII) (VI,Iv) 


where R = H (VI, VIII); and R = CHy (II, IV). 


The initial material for synthestzing a,a-(2,2'-dioxy-5,5'-diaminodiphenyl)- 
-6,8,B-trichlorcethane (VIII) was the acetyl compound (I), which was re-esteri- 
fied by boiling with a mixture of acetic and sulfuric acids, with subsequent 
hydrolysis. 


EXPER IMENTAL 


' diacetaminodiphenyl)-8, -trichloroethane 


16.6 g of p-acetanisidide is added to a mixture of 75 ml of 100% sulfuric 
acid and 7.5 g of chloral, chilled to -5°, and stirred for 30 minutes with chill- 
ing and ancther 30 minutes at room temperature. Then the reaction mass is poured 
out over ice, and the substance that separates out is drawn off by suction, care- 
fully washed with water, squeezed out, air dried, and recrystallized from al- 
cohol. The yield is 13 g. M.p. 226-227°. Acicular crystals. They contain 
alcohol of crystallization. ‘They are nearly insoluble in water, poorly soluble 
in ether and benzene, and readily soluble in acetone and chloroform. 


3.341 mg substance: 6.451 mg COs; 1.590 mg Ho0. 
3.290 mg substance: 6.391 mg COs; 1.571 mg Ho0. 


. 
CH3CONH — CH 
° 
CH-CCls 
: 
| 
"0566 


5.351 mg substance: 0.287 ml No (26°, 729.3 mm). 
6.556 mg substance: 0.346 ml No (27°, 729. 6.mm). 
0.1148 g substance: 0.0992 g AgCl. 
Found $: C 52.66, 52.98; H 5.32, 5.34. 
N 5.86, 5. 76; Cl 21.37. 
CooHa1N204Clg*CoH;OH. Calculated $: C 53.27; H 5.47; N 5.65; Cl 21.46. 


II. a,a-(2,2'-Dimethoxy-5 ,5'-diaminodiphenyl) - -trichloroethane 


2 g of the acetyl derivative is boiled for 6 hours with a reflux con- 
denser. The substance dissolves slowly. The base is recovered from the solu- 
tion by carefully adding ammonia and chilling. The substance had a m.p. of 
74° after being washed with water and dried in an exsiccator. It is readily 
soluble in most organic solvents and grows dark upon standing. The hydrochloride 
was prepared by filtering the hot solution after it had been saponified, and . 
then letting it stand overnight. The acicular crystals that separated out were 
recrystallized from alcohol, m.p. above 230°; thick needles that form rosettes. 


7.858 mg, substance: 0. 446 mi No (20.5°, 735 mm). 
7. mg substance: 0.393 ml No.'(20.5°, 735 mm). 
= Found $: N 6.39,.6. 


a 


- } 


sub 


ll g of o-acetanisidide is added to a ‘mixture of 35 " of 100% sulfurie 
acid and 5 g .of chloral over the course of 20 mimmtes at’a ‘temperature not’ 
exceeding 2°; stirring is continued for another hour, and the mixture is then 
poured out over ice. The precipitate that settles out is filtered, washed 
with water, and air dried. The 17 g of substance recovered is recrystallized 
from 200 ml of alcohol. The yield is 11 g of a substance with a m.p. of 213; 
214°. It crystallizes with 1 molecule of alcohol. ~ 


5.825 mg substance: 0.297 ml No (27.5°, 734.2 mm). 
5.753 mg substance: 0.296 ml No(27.0°, 734.1 mm). 
0.2023 g substance: 0.1735 g AgCl. ° 
0.2107 g substance: 0.1800 g AgCl. 
Found ‘%: N 5,59, 5.653 Cl 21.22, 21.13. 
Calculated %: Cl 21.46; N 5.65. 


IV. a,a-( -Diamino-b, iit -dimethoxydipheny1) -8 ,8 ,B-trichloroethane 


2 goof the preceding acetyl derivative is bolled for 3 hours, after which 
the well-chilled base is carefully separated out with ammonia, filtered out, 
whased with water, and dried in a vacuum exsiccator., It dissolves very easily 
in all organic solvents and does not crystallize out from them. The substance 
was prepared for analysis from the pure hydrochloride. M.p. 60-61°. 


6.675 mg substance: 3.78 mi 0.01N (Kjeldah1) 
6.400 mg substance: 3.59 ml 0.01N HoSO4.. 
Found $: N 7.93, 7.85. 


The hydrochioride was prepared by saponifying the solution and then evap- 
orating it in vacuum to dryness, the residue being recrystallized from alcohol. 


0.2790 g substance: 12.1 mi. 0.1N AgNOs 
0.1880 @ substance: 11.6 ml 0.1N AgNOg. 
Found $: Cl 15.38, 15.84. 
Calculated $: Cl 15.81. 
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Vv. a,a-(3,3'-Diacetonmino-4 -dioxydiphenyl) -8,8,8-trichloroethane 


7-5 @ of o-acetaminophenol, at a temperature not exceeding 1°, is added 
to a mixture of 35 ml of 100% sulfuric acid and 4 g of chloral, chillea to -5°, 
and the whole is stirred for an hour and then poured over ice. The precipitate 
is filtered out, washed with water, and air-dried. Yield: 10.2 g. It is then 
recrystallized from 60% alcohol. M.p. 226-227°. - 


4.292 mg substance: 7.841 mg 1. mg 
‘0.1848 substance: 0.1817 g AgCl. 
0.1801 g substance: g AgcCl. 
7.807 mg substance: O1N H2S0,4; (Kjeiaan2). 


H 4.07; Cl 24.32, 24.38; 
6.43. 
Calculated $: H 3.973 N 6.493 Cl 2h.65. 


Found $: 


0. 
‘7.599 mg substance: Ol N H280,4. 
‘6. 


2 g of the preceding acetyl derivative and 20 ml of concentrated hydro- 
chloric acid are boiled together for 6 hours. ‘The substance gradually enters 
into solution; the solution is then filtered, and after chilling, the base is 
precipitated with ammonia. The dried samine is recrystallized from benzene. 
Decomp. temperature = 152°; it turns black, but does not fuse. 


6.012 mg substance: 0.4214 ml No (22°, 752.8 mm). 
6.585 mg substance: 0.456 ml No (21.5°, 731.9 mm). 
_ Found $: N 7.82, 7.72. 
Calculated %: N 8,06, 


The hydrochloride is readily soluble in water. 


VII. Condensation of p-Acetaminophenol with Chloral 

7.5 g of p-acetaminophenol, 4 ¢g of chloral, and 40 ml of sulfuric acid 
(d = 1.84) are reacted together at 10°.° The mixture is stirred for 2 hours, 
its temperature gradually. rising to 25° and then falling. Four hours later, 
the reaction mixture 1s poured into water, and the residue drawn off, washed 
with water, and air-dried. This yields 7 g of a colorless substance, which 
is recrystallized from a small quantity of acetone. The m.p. of 205° agrees 
with that given by Chattaway for 6-acetamino-2,4-bis-trichloromethylbenzo- 
dioxine. 


7.589 mg substance: IN (Kjeldshl). 
7.103 mg substance: 1N 
Found 
Calculated ¢: 


VIII. ,B,8-trichloroethane 


2 g of (2,2'~dimethoxy-5,5'-diacetoaminodiphenyl)-trichlordéthane (I) is 
boiled for 12 hours with 10 ml of glacial acetic acid and 1 g of 92h sulfuric 
acid. A crystalline precipitate begins to settle out after about one quarter 
of an hour has elapsed. The whole mixtwre is poured into cold water, and the 
precipitate is filtered out, washed with water, and air-dried. “The yiéld of ,. 
1.6 g is insoluble in water or alcohol. The substance is then boiled with 20% 
hydrochloric acid. Crystals of 5,5'-dismino-2,2'-diloxydiphenyltrichloroethane 
hydrochloride settle out of the filtered solution when it is chilled; their 
m.p. is 242°, and they caused an appreciable depression of the melting point 


es 
Wade 
: 
trichloroethane 
| 
> . . 


‘ when mixed with the hydrochloride of the corresponding dimethoxy compound. 


5.986 mg substance: 0.328 ml No (18.5°, 738 mm). 
5.512 mg substance: 0.311 ml No (18.5°, 720 mm). 
0.1012 g substance: 4.9 ml O.1N AgNO3. 
° Found %: N 6.23, 6.26; Cl 17.16. 
Calculated %: N 6.66; Cl 16.9. 


The amine.isolated from the pure hydrochloride has a m.p. of 175°. It 
was recrystallized from benzene, but it rapidly darkens and resinifies. 


IX. a,a-(2,2'-Diacetcamino-4 -B ,B-trichloroethane 


7.5 g of m-acetaminophenol. (m.p. 122-123°) is added to a mixture of 70 ml 
of 100% sulfuric acid and“4 g of chloral during the course of 30 minutes at a 
temperature that does not exceed 0°; stirring is continued for another 3 hours 
at 0°, and then the reaction mixture is poured over ice, and the precipitate is 
drawn off, washed with water, and transferred to ether. The ether solution is 
_ desiccated with anhydrous sodium sulfate, and the ether is driven off in vacuum. 
4 To recrystallize it, the amorphous precipitate (4 g), woich can be easily crushed 
to a powder, is dissolved by heating it in 40 ml of benzene to which 2 ml of 
absolute alcohol has been added. The well-formed crystals that are recovered 
are flat rectangular prisms. M.p. 185°. The substance resinifies when heated 
with dilute acids. 


| 0.1411 g substance: 0.14352. AgCl. 


4. 634 mg substance: 0.280 ml No (22°, 738 mm) . 
Found $: Cl 25.11; N 6.79. 
- Calculated $:'Cl 24.65; N 6.49. 


When .we tried to saponify this acetyl derivative, it resinified. 


0.5 g of the preceding acetyl derivative in 2 ml of alcohol andl g. 
of methyl iodide are added to a solution of sodium alcoholate, prepared with 
0.05 g of Na and 3 ml of absolute alcohol. The mixture is heated to gentle 
boiling (50-60°) over a water bath and poured into cold water after this heating 
has gone on for three hours. The precipitate that forms is filtered out, washed, 
and dried. Yield = 0.3 g. It is dissolved in ether to which a few drops of 
aicohol have been added, and the resulting solution decolored by agitation with 
charcoal, filtered, and evaporated in vacuum. This yields a noncrystalline sub- 
’ stance that is crushed to a powder; it softens at 120°. It is purat ied by 
dissolving it in alcohol and precipitating it with water. M.p. 129°. 


7-663 mg substance: 0.424 ml No (19°, 736 mm). 
Found $: N 6.27.— 
Calculated %: N 


' XI. Condensation of Chloral with m-Anisidine. 


-ethane 

4.2 g of m-acetoanisidide is added to a mixtwre of 25 g of 100% sulfuric 
acid and 2 g of chloral at 0°, and, after 2.5 hours of stirring, the mixture is 
poured over ice. The precipitate formed is drawn off, washed with water, and 
recrystallized from alcohol after prolonged standing (3 days). M.p. 179°. 
The substance dissolves readily in alcohol, acetone, benzene, and acetic acid, 
but is hardly soluble in ether, and insoluble in water. 


4 
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6.580 mg substance: 0.283 ml No (19°, 716 mm). 
6.127 mg substance: 0.253 ml No (21.5°, 722 m). 
0.2000 g substance: 0.2755 g AgCl. 
0.2037 g substance; 0.2795 g Agtl. 
Found N 4.74, 4.55; Cl 33.83, 33.9%. 
C11H,203NCl5. Calculated %: N 4.48; Cl 34.00. 


-methoxyphenyl) -ethane 
HoN- —CHOHCCLs 


OCHs 


Boiling 0.5 ¢ of the preceding substance with 5 ml of 17% hydrochloric 
acid causes the substance to enter into solution, the amine hydrochloride 
crystallizing out of the latter when chilled. 


6.924 mg substance: 0.280 ml No (19°, 744 mm). 
Found $: N 4.63. 
CgH,00sNCls°HCl. Calculated %: N 4.56. 


SUMMARY 


1. Research has been done on the condensation of ortho, meta, and para 
acetaminophenols and acetoanisidides with chloral in the presence of sulfuric 
acid; the 2,2'-dimethoxy-5,5'-diacetamino-, 3,3'-diacetamino-4,4'-dimethoxy-, 
3,3'-diacetamino-4 ,4'-dioxy-, and 2,2'-diacetamino-4,4'-dioxy-a,a-diphenyl- 
-B,8,B-trichlceroethanes (II, III, V, and IX) have been synthesized. Condensation 
of 4-acetaminophenol with chloral yielded 6-acetamino-2,4-bis-trichloromethyl- 

benzodioxine (VII). Condensation of m-acetanisidide with chloral yielded 
a-(4-acetamino-2-methoxypheny1) -a-oxy-f,8,B-trichloroethane (XI). 


2. a,a-(2,2'-Diacetoamino-} ,4'-dimethoxydiphenyl) ,B,8-trichloroethane 
(X) was synthesized by methylating the corresponding oxy compound. 


3. The amines II, VIII, VI, IV, and XII were prepared by saponifying the 
acetyl compounds. ,8,8-trichloroethane 
was synthesized by demethylating and saponifying the corresponding dimethoxy- 
diacetamino compound. 
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DETERMINATION OF THE STRUCTURE OF THE DISACCHARIDES 


‘I. DETERMINATION OF THE STRUCTURE CF a~ (1, 5)~GLUCOSIDO-3- 
(1.5,~-GLUCOSE 


A Gakhokidze 


The structure of the disaccharides is determined in various ways. 
Haworth [1] proposed a methylation method to determine the structure of the 
disaccharides. In Zemplen!s method of decomposition, the reduced monose of 
the disaccharide is reduced until disaccharides are synthesized that do not 
yield osazones [2]. 


We have elaborated a method for determining the structure of the disac- 
charides that is based upon the oxidative cleavage of glucaloid unsaturated 
compounds. In our previous paper [3], we described the synthesis of the di- 

saccharide a-(1,5)-glucosido-3-(1,5)-glucose; detexmined its structure according 
i to Zemplen. Herein we give the determination of the structure of this glucose 

3 by oy oxidative cleavage pespes worked out by us. 

a-(i *5) -Glucosidos3 (1,5. glucose was converted into the .octacetate. (I) 

4 by the emes method - reacting it with acetic anhydride in the presence of 
sodium acetate. The action cf hydrogen bromide in glacial acetic acid on the. 
octacetate yielded acetcbromoglucosido-3-glucose (II), which is easily conver. 
ted into by the action of zinc dust in 60% 
acetic acid. 


= 


Saponification of the latter yielded glucosidp-3-giucal (Iv). 


pHOAC 
HCOAc 9  HCOAc 
| 


AcOCH AcOCH O CH 
BCOAC HOOAC HCOAc 
HC HC HE 
CH>0Ac OAc CHa0Ac CH>0Ac 
(I) (Ir) 
ACOcH HOCH CH 
HGOAc HCOAc | HCOH | HCOH | 
HC H 2 HC 
CH20Ac CHaQAc CH20H CH20H 
(III). (Iv) 


3 a571 
3 


. 
| 
: 
ad 
| 
> 
a 
$ 
a 
7 
a 


Glucosido~2-arabic acid (V) was isolated by oxidizing glucosido-3-glucal 
with potassium permanganate. Trimethylarabic acid (VI), synthesized by hy- 
drolyzing methylated glucosido-2-arabic ‘acid, yields 2,3 yee 
acid (VII) when it is oxidized by perhydrol. 

HOCH ; 

_CH20CHs 


(vI) 


: Hence » the methoxyl groups in trimethylarabic acid occupy the 3,4,5 
the 2 position used for the biose bond. 


EXPER IMENTAL 


80 g of glucosido-3-glucose octacetate (m.p. 149°, [%]§° + 41.3°, in chloro~ 
form) was dissolved, with vigorous agitation, in 350 _ of glacial acetic acid, 
saturated with hydrogen bromide, and the solution produced was set vena to 
stand for 3 hour's at room temperature. — 


Then the acetobromoglucoside-3- glucose was. fron the 
with chloroform. Addition of petroleum ether to the concentrated solution 
caused the colorless crystals of acetobromoglucosido-3-glucose to precipitate 
out (m.p. 162°, [a]§° + 11.8° im chloroform). The — was 58.8 g, i.e., 
78% of 


0.1379 g substance: 0.0369 
0.1508 g substance: 0.0411 g@ AgBr. 
Found %: Br 11.39, 11.60. 43 
Calculated $: Br 11.45. 


2. Glucosido-3-glucal 


57.5 g of acetobromoglucosido-3-glucose was drenched with 400 ml of 60% 
acetic acid and 50 g of zinc dust was added; the resulting mixture was then 
shaken up in an agitator for 2 hours. Hexacetylglucosido-3-glucal was ex- 
tracted with chloroform after the solution had been ‘diluted with 1.5 liters of 
water... The residue left after the chloroform was evaporated was recrystallized 
from ethyl alcohol. 


The mélting point. of the pure product was 109°; ip” + 18.4° (in chloro- 
form). The yield was 42.4 g, or 80% of theory. 


0.0847 g substance: 26.5 ml bromine ealisicien (T = 0.0009). 
Found $: Br 22.23. 
Bro. Calculated %: Br 22.21. 


ml of a 2% solution of sodium coholate was added to 
tion of 42.1 g of hexacetylglucosidos3- glucal in 200 ml of chloroform. The re- 
sulting mixture was shaken in an agitating machine for 2 hours, after which it 
was poured into 1 liter of chilled water. The water-alcohol layer was separated 
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from the chloroform layer and, after it had been neutralized with acetic acid, 
it was evaporated at reduced pressure (8 mm) down to a thick syrup. The latter 
crystallized when it was mixed with absolute ethyl alcohol. The melting point 
of the pure product was 160-162°. The yield was 14.9 g, or 79% of theory. 


1 = 0.5; c = 0.6; a = 10.4°; [a]§° + 34.8° (in water). 


0.1064 g substance: 0.1832 g COa; 0.0596 g H20. 
Found $: C 47.12; H 6.23. 
CisHoo0g. Calculated %: C 46.72; H 6.48. 
0.1024 g substance; 59.9 ml bromine solution (T = 0.0009). 
Found %: Br 34.62. : 
Calculated %: Br 34.19. 


3. Oxidation of Glucosido-3-glucal 


14.4 g of glucosido-3-glucal was dissolved in 200 ml of water. After 100 
ml of a 6% solution of potash had been added to the resulting solution, and 8% 
solution of potassium permanganate was added, with vigorous stirring, over the 
course of 12 hours. The permanganate was poured into the solution until ‘thé . 
color of the reaction medium remained. The filtered solution was evaporated 
at reduced pressure. The residue was dissolved in a minimum quantity of water, 
and glucosido-2-arabic acid was precipitated from the solution by basic lead 
acetate. The precipitate was filtered out, washed, and suspended in water, from 
which the lead was precipitated with hydrogen sulfide. After the lead sulfide 
had been removed, the filtrate was boiled with calcium carbonate. The solution 
was filtered and then concentrated to minimum volume. The addition of absolute 
alcohol to the concentrated solution caused amorphous flakes of calcium glucos- 
ido-2-arabinate to settle out. The yield was 12.1 g, or 68% of*“theory. 


0.1448 g substance: 0.0115 g Cad. 
0.1694 g substance: 0.0148 g Cad. © 
Found $: Ca 5.84, 6.20. 
Calculated $: Ca 5.77. 


4, Methylation of Glucosido-2-arabic Acid and Hydrolysis of the. 


Resultant Ester 


11.8 g of calcium glucosido-2-arabinate was dissolved in 40 ml of water, 
100 g of dimethyl sulfate was added, and the resultant mixture was heated to 
7" « Then a 25% solution of sodium hydroxide was gradually edded so as to 
keep the reaction medium slightly alkaline. When the addition of the base was 
complete, the solution was heated for 10-i5 minutes. The methylated product. . 
was extracted from the solution with chloroform. Desiccation and evaporation 
of the chloroform yielded a syrup of methyl heptamethylglucosido-2-arabinate. 
The yield was 11.3 g, or 75% of theory. . 


0.0987 g substance: 0.4172 g AgI. 
Found %: OCHs 56.19. 
Ci9H3601,- Calculated %: OCH, 56.41. 


11.0 g of methyl heptemethylglucosido-2-srabinate was heated to boiling 
for 15 minutes with 250 ml of a 5% solution of sulfuric acid. The solution was 
filtered after it had been neutralized with calcium carbonate. The addition of 
absolute ethyl alcohol to the concentrated solution caused flakes of calcium 
trimethyl-d-arabinate to settie out. The yield was,4.5 g, or 81% of theory. 
0.1125 g substance: 0.0143 g CaO. 

Found $: Ca 9.13. 

Calculated %: Ca 8.81. 
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Arter the cai.cium trimethylarabinate had been filtered out, the solution 
was reduced with Fehling's solution, but no osazone was cbtained. 


h.3 g of calcium trimethylarabinate was dissolved in 300 ml of water. 
Afte: 1.7 g of ircn acetate had been added to the resulting solution, 12 mi of 
a 30% solution of perhydrol was gradually added, with heating. After the solu- 
tion had cooled, aucther 10 ml of perhydrol was added. The solution, Piltered 
through activated charcoal, was mixed with 100 ml of bromine water and left 
to stand exposed tc light for 4 days. After it had been neutralized with cal- 
cium carborate, the solution was filtered and its volume reduced to a mininun. 
The addition cf absolute alcchel 4o the concentrated solution caused white 
flakes of calcium trimethyl-d-erythronate to settle out. 


0.0722 g substance: 0.0103 g Cad. 
; 0,1029 g substance: 0.0151 g Cad. 
” Found $: Ca 10,22, 10.52. 
Calculated %: Ca 10.15. 


After the caicilum trimethyl-d-erythronate had been decomposed with the 
calcuiated quantity of oxalic acid, and the filtered solution had been evapora- 
ted, we got a syrup of trimethyl-d-erythronic acid. The acid was isolated via 
its phenylhydvazide, with am.p. of 109°. 


0.C958 g substance: 8.9 ml No (16°, 736 mm). 
0.1170 g substance: 11.2 ml No (16°, 736 m). 
Found %: N 10.58, 10.89. 
Calculated $: N 10.45. 
SUMMARY 


1. Glucosids-2-arabic acid was synthesized by oxidizing glucosido-3- 
glucal with potassium permanganate. 


2. 34, acid has been synthegized. 
3. Calcium trimet:hy!-d-arablnuate was converted to trimethylerythronic 
acid by oxidation with perhydrol. 
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THE. RHACTIONS OF ORTHO AND PARA DITOLYLMERCURY 
WITH THE PHENOLS. VII* 


M. M. Koton and I. A Chernov 


Chair of General Chemistry, Leningrad State. Institute of 
Pediatric Medicine : 


One of the present authors has already shown that some aromatic compounds 
of mercury can mercurate phenols, forming new organomercury compounds. It was 
conjectured at.the time that this sort of mercuration reaction is a general 
property of aromatic mercury compounds, the more electronegative the radical 1 
that is a constituent of the organomercury compound, the more active being the 
resulting mercuration. This made a detailed study of the reactions of tolyl 
derivatives of mercury all the more attractive, since the reactivity of the 
tolyl radical lies between those of a-naphthol and phenyl in the Karash~Nesmey- 
anov series; and these latter have already been investigated [1]. Moreover, 
there is no mention in the iiterature of the feasibility of reactions of this 
sort. 


The reactions of ortho- and para-ditolylmercury with the following phenols 
have been investigated: 1) phenol; 2) p-bromophenol; 3) 2,4,6-tribromophenol; 
4) o-nitrophenol; 5) p-nitrophenol; 6). 2,4 ,6-trinitrophenol; 7) Feoorcinel 
8) hydroquinone; 9) pyrogallol; and 10) a-naphthol. 


The reaction was investigated at 150° with no solvent present. As might 
have been expected, the reactions of the tolyl derivatives of mercury with the 
Phenols fully confirmed the behavior patterns first discovered in the reactions 
of diphenylmercury with the phenols, thus demonstrating their general applica- 
bility to argancmercury compounds. The mechanism of mercuration reactions may 
be explained as foliows from the standpoint of the theory of free radicals: ; 


2) —™ CHgCeH5+*CeH. 
3) CHsCoH eH.0H 
+ Hg + (oxidation products of the phenols). 


As we see iti these equations are anadequate explanation of the well- 
known fact that the replacement of hydrogen by mertury does not take place at 
the hydroxyl group, but. in the phenol's benzene ring. 


When toiy] derivatives of mercury are reacted with substituted phenols 
(eromophenol and the like), the reaction is terminated in Stage 3) with the 
formation of new, stable, asymmetricai mercury ccmpounds. When tolyl deriva- 
tives of mercury are reacted with unsubstituted phenols (pyrogallol and the 
poi the reaction goes deeper, and the new organomencury compounds formed de- 

ompose further, liberating metallic mercury. The reaction rates of tolyl 
peateniuons of mercury with phenols vary, depending on the nature of the substi- 
tuents, their number, and their location in the phenol's benzene rirg, as has 
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been described in Communication 1 [1] for diphenylmercury. Tribrcmophenol and 
trinitrophenol, for example, form only monomercurated deriveativeswith the 
telyl derivatives of mercury, whereas other mono- and phenols 
give rise to both mono sand dimercurated products. : 


The marked difference between the reactivity of crtho- and para-ditolyl- 
mercury is worthy of note. Ortho-ditolylmercury exhibits a high reaction velc- 
city in every case, with respect to the quantiy of mercury separating out, as 
well as to the camposition of the new asymmetrical compounds formed. for example, 
under identical conditions o-ditolylmercury forms dimercurated derivatives with 
p-bromophenoi ard p-nitrophenol, whereas p-ditolyl mercury yieids mono- and di- 
mercurated derivatives. 


I.. REACTION OF ORTEO- AND PARA-DITOLYLMERCURY WITH GROUP- T PHENOLS 


We used 0.2 g cf the phenols and of the ditolyimercury. After heating, 
the contents of the ampoules were heated with benzene until ail the unreacted - 
ditolylmercury had been removed, after which they were repeatedly treated 
with a normal solution of alkali. The residue of metallic mercury was washed 
with water and esmuenbinnn in nitric acid, the mercury being determined in the 

usual manner. 


The formation of toluene was observed in every case. 


The results of our experiments on the reaction of para and ortho-ditolyl 
mercury with the Group I phesols are Jisted in the table belows 


Reacticn of Orvho-. and Para-Ditolylmercury with Phenols at 150° 


Quantit of Mercury Liberated 
Phenol From p-ditolyl From o-ditolyl 


Hydroquinone 
aeNaphtnol 
Reeorcinol 
Phenol. 
Nitrophenol (p) 
Nitroprenoi (o) ....... 
2,4,6-Leibromophenol .. 
2 6-rind tropbeno). 


II. REACTION OF PARA- and ORTHO-DITOLYLMERCURY WITH GROUP TI PHENOLS 


1. p-Ditolylmprcury and o-Nitrophenol 


P 1. g of o-nitzophenol to 1 ag of p-ditolylmercury. Heated to 150° for 
hours. 


The yellow reaction mixture was successively treated with a water~alcohol. 
solution, aicohoi, and benzene. 


Two products were isaiated: fran the water-alcohci solution the unne- 
acted o-nitrophenols; from the benzene a light-yellow crystalline compound 
(0.55 g), with a m.p. of 225-227°. 


9.05 g substance: 2.35 mi O.1N NH,CNS 
‘ Found $: Hg 47.00. 
CHgCeH, (OH)NO2. Calculated %: Hg 46.69. 


| | 
mercury, 
83.49 
63.85. 76.61 
| 88.40 
35.36 77.60 
15.72 56.97 
0 
0 
0 


erenteent: with an alcoholic solution of HCl caused the sical of the 
; substance, with the formation of o-nitxophenol (m.p. 43-44") and p-tolylmercury 


chloride, with a m.p. of 230-231°(m.p. 233°, according to Nesmeyanov). The 
substance was dissolved in aikali and recovered unchanged by the action of 
carbon-dioxide gas. Hence, this substance is p re ee 
benzene 


2. p-Ditolyimercury ard p-nitrophenol 


F , 1.5 g was taken of each of the ini+ial subs*ances. The reaction conditions 
, and the treatment of the reaction mixture were the same as for the o-nitrophenol. 
. In this test, 3 products were obtained. Unveacted p-nitrophenol (1.65 g) was 

; recovered fran the water-alcohol soiution. A dark yellow crystalline product 

q with a m.p. of 239° (0.085 g) was recovered from the alcohol. 


0.05 g substance: 2.33 ml O.1N NH4CNS. 
Found $%: Hg 46.50. 
(OH)NO2. Calculated Hg 16.69. 


\ The substance is a monomercurated derivative of p-nitrophenol. The prin- 
cipal product (0.430 g) is obtained in the residue left after treatment with 
orgenic soivents, a dark-yellow crystalline compoudd that did not fuse up to 
250°. 


0.95 g substance: 2.74 ml O.1N NH,CNS. 
Found $: Hg 55.60. 
Calculated Hg 55.70. 


Cleavage of this product with an alcohciic soiution of -HCl vielded p- 
nitrophenol, with a m.p. of 115-1165 and p-tolylmercury, with a m.p. of 232°. 
The substance was.dissolved in alkali and unchanged through the 
action of gaseous carbon dioxide. 


Thus, the principal yreduct. of the reaction of p-ditolylmercury with p- 
nitrophenol is the dimercurated derivative of p-nitrophenol: p-ditolylmercuro- 
4 -nitro-1-hydroxybenzene. 


3. p-Ditolyimercury and p--Bromophenol. 
: 0.5 g of each of the initial substances was used. They were heated 

p together for 3 hours at 150°. “The reaction mixture's ‘reatment was the same 
: as that of the o-nuitrcphenoi.. 0.2 g of a pink e¢rystaiiine substance with a 
. m.p. of 169-170° was recovered from the watec-alcoha.i sclution. 


: 0.05 g substance: 2.183 mt 0.1N NH,CNS. 
Found ¢: He 43.66. 
(OH)Br. Calculated Rg 43.27. 


The substance was ‘dissolved in alkali, and reccvered by the action of 
gaseous carbon dioxide. Bromination with a sciuticn of bromine in a saturated 
solution of potassium bromide farmed 3,4~dibramo-l.-hydcoxybenzene, with a m.p. 
of 78°. 


Bence, the mercuration of p-bromcphenc! with p-ditciylmercury yields a 
monomercurated derivatives p-tclyimercuro-l-b: omo-1-hydroxybenzene. 


4. p-Ditolylmercury and 2,4 .6-Tr ib: omcphenol 


0.6 g of 2,4,6-tribromophenol. was taken for 0.3 g of p-ditolylmercury. 
They were heated togethes for 5 hours at 150°. The reaction mixture was treated 
with water and then heated with alcohol with a reflux condenser. Two products 


TT 


- 
. 
| | 
| 


‘were recovered. From water we got the unreacted 2,4,6-tribromophenol (0.3 g). 
From the alechol we got a light pink crystalline product (0.12 g), with a m.p. 
of 186-187°. 
0.05 g substance: 1.584 ml 0.1N NE4CNS. ‘ 
Found $: Hg 31.68. 
CH3CaHsHeCeH(OCH)Bra3. Calculated %: Hg 32.27. 


Thus, the light-pink crystalline product recovered from alcohol is a 
monomercurated derivative: p-tolylmercuro-2,4,6-tribromophenol. 


5. p-Ditolylmercury and 2,4,6-Trinitrophenol 


0.2 g of 2,4,6-trinitrophenol and 0.2 g of p-ditolylmercury were taken. 
Heating iasted 3 hours at 115°. The treatment given the reaction mixture was 
the same as that. for the o-nitrophenol. The unreacted 2,4,6-trinitrophenol 
(0.17 g) was recoxered from the water-alcohol solution and from the alcohol. 
From the benzene we recovered a yellow crystalline product with a m.p. of 143- 
with decomposition. 


0.05 substance: 1.917 ml O.1N NH,CNS 
Found $: Hg 38.34. 
(OH) (NOz)3. Calculated %: Hg 38.61. 


This substance is a monomercurated derivative: p-tolylmercuro-2,},6-tri- 
nitrophenol. 


6. o-Ditolylmercury and o-nitrophenol 


0.3 g of each of the initial substances was used. Heating lasted 6 hours 
at 150°. The reaction mixture was treated with a water-alcohol solution, alco- 
hel, and benzene. ‘Two products were recovered. The unreacted o-nitrophenol -- 
was recovered (0.05 g) from the water-alcohol solution. After the reaction 
mixture had been treated with organic solvents, the residue contained the prin- 
cipal veaction product: insoluble, infusible up to 250°, light yellow in color, 
and crystalline -(0.185 g). 


0.05 g substance: 2.79° ml 0.1N NH,CNS 
Found $%: Hg 55.80. 
(CH5CeH,He) (CH)NOs.Calculated %: Hg 55.70 


Hence, this compound is a dimercurated derivative: di-orthotolylmercuro- 
-2-nitro-l-hydroxybenzene. 


T._o-Ditclylmercury and p-Bromophenol _ 


0.3 g of each of the initial reagents was used. Heating lasted 3 hours 
at 150°. After the reaction mixture had been treated with a water-alcohol 
solution and alcohol, the residue was heated with a mixture of alcohol, acetone, 
and benzene ard a reflux cendenser. A resin was recovered from the water- 
alcchcl scluticn and from the alcohol. The residue (0.2 'g) was light pink in 
cclor, insoluble in organic solvents, and infusible up to 250°. 


0.05 g substance: 2.683 ml 0.1N NH,NCS. 
Found $: Hg 53.06. 
(CHaCs5H.Hg) oCeHo(OH)Br. Calculated %: Hg 53.19. 


Nence, the principal reaction product is a dimercurated derivative: 


8. O-Ditolylmercury and 2,4 ,6-Trinitrophenol 


0.3 g of each of the initial reagents was used. Heating lasted 6 hours 
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at 150°. The reaction mixture was given the same treatment as in the case of 
o-nitrophenol. 0.2 g of the unreacted 2 »4,6-trinit rophencl was recovered from 
the water-alcchol solution and the alcohol. After the residue had been treated 
with benzene, it was heated with alcchol and a refiux condenser. The substance, 
dark brown in color, hada m.p. of 155 with decomposition, 
0.05 @ substance: 1.916 ml O.iN.NH,CNS. 
Found $: Hg 38.32 
H(OH) Caciulated %: Hg 38.61. 
mers the tynthesized substance is a moncmercurated derivative: o-tolyl- 
mercurc-2,4,6-trinitro-l-hydroxybenzene. 


9. 09-Ditolylmercury and p-Nitrepkenol 
0.2 g of each of the initial reagent s was used. Heating lasted 3 hours 
at 150°. 
The reaction mass received the same treatment as in the case of o-nitro- 
phenci. 0.18 g of the unreacted p-nitropheno! was recovered from the water- 
aicchol sclution and the alcohol. The residue ccnteined a yellow substance 
that was insoluble in organic seivents and irfusible up to 250°. 


0.05 g substance: 2.75 ml 0.1N NH,CNS. 
Found $: Hg 55.00. 
(CHaCeH. Hg) oCeHo (OH) Calculated %: He 55.70. 
This product is a dimercurated derivative: 
~hydrcxybenzene. 


10. p-Ditolylmercury and Resorcirol ° 

2 g of each of the initial reagents was used. Heating lasted 6 hours at 
150°. ‘The reaction mixture was red in color. I* received the same treatment 
as in the case cf 9-nitrophenol. The unreacted resorcinol (1.64 g) was recover- 
ed from the water-alcohol solution and from the alcchol. The residue left after 
treatment with benzene was 1.09 g of a pinkish product, which was a mixture of 
metallic mercury and a dimercurated compound. After the mercury in the residue 
had been eliminated, the produst was yeilow in coicr, insoluble in organic 

solvents, add infusible. up toe 250°. 
0.05 2.95 mi O.1N 
cund $: He 58.60. 
Ha) (OH) Calcul. %: He 58.0h. 


Thus, this substance is a dimercuratied derivative: Giorthotclylmercuro- 
1,5-dihydrcxybenzene, 
SUMMARY 


1. It has been established that ortho- and para-ditclylmercury can merc- 
urate the phenois in the same way as diphenyimercury and dinaphthyimercury do. 


2. Mono~ and dimercurated derivatives are formed when the phenols are 
mercurated. 


3. it has been established that o-ditoiyimercury is more reactive than 
p-ditolyimercury. . 
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RESEARCH ON COMPOUNDS, CF HIGH MOLECULAR WEIGHT 


RV. . THE PROBLEM OF THE MECHANISM OF LINEAR 
POLYCONDENSATION REACTIONS 


S. R.. Rafikov, V. V.. Korshak and G WN. Chelnokova 


Institute of Organic Chemistry of the USSR Academy of Sciences 


The linear polycondensation reaction of bifunctional compounds, first 
investigated by Tilicheyev [1], was subsequently studied in detail by Carothers 
and his students [33], Staudinger [4], Flory [:], and others [11]. These re- 
searches established the influence of the stucture of the initial components 

' and the experimental conditions upon the velocity, completeness,and course of 
this reaction. 


gmnen bifunctional cempounds (such as glycols and dibasic acids) react to 
form Doly esters of linear structure and high molecular weight, the reaction 
is of the foLiowing patterns 


xHOOCR'' COCH + xHOROH HO(COR'CO — ORO) H (2x 1)H20 (I) 


As indicated, this reaction is reversible, and the reaction products have 
functicnal groups that can react further with the molecules of the initial © 
substances as well as with other links in the chain at any stage of polyconden- 
sation. It is therefore thought that, at any stage of completeness of the 
reaction, the product synthesized consists of a mixture of polymer homologues 
with chains of varying lergth, i.e., it is physically heterogeneous. 


{his assumption is the gererally accepted working hypothesis in research 
on linear polycondensation reactions. No one, however, has as yet described — 
quantitatively the degree cf physical. heterogeneity, i.e., the proportion of 
reaction products with different molecular weights. 


The first endeavors te achieve a quantitative chatacterization of the 
distribution of polycondensation products by means of statistical computation 
were made by Flory [5] and Schulz [€]. Flory started out with the assumpticn 
‘hat the reactivity of a molecule does not depend upon the latter's size, that 
a ceaction takes place solely between functional. groups, and that therefore . 
chains grow uninterruptediy, *ending towacd the complete depletion of the 
i reactive groups, Schulz empiryed the kinetic equations for esterification and 
! reached simiiar conclusicns. According to Flory and Schulz, the distribution 
j funczion of the percentages by weighr cf the fractions of the poly ester con- 
sisting of x links (™) may be expressed by the fo.iowing equation: 


where x = the number of glycol and acid groups in the poly ester chain; and 
gr = the degree of completion of the reaction, i.e., the ratio of the number of 


already reacted functional groups to the overall number of reactive. groups. 
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There is’nct enough experimental material in the literature confirming 
or disproving Flory's and Schulz's conclusion, thovgh this question is of prime 
importance for an understanding of the mechanism of polycondensation reactions. 


It seemed + to-us that more concrete data could be gotten on the distribu- 
tion of the polycondensation products by selecting suitable research objects 
and making use cf methods already known. For this purpose we prepared poly 


.. esters by means of the polycondensation of ethylene glycol and decamethylene 


giycoi. with adipic acid. The reaction —- were investigated to ascertain 
their fracticnal composition. 


. We employed two methods to siatnate the nen of poly dispersion of the 
products obtained. The first method. involved a comparison of the mean values 
of the molecular veight of the reaction products, these mean values being found 
by various metncds. The second method was based on the of. the 

poly esters by cne of the ‘well-known methods. 


“It is know that the ‘mean molecular weight of-a mixture . of homo- 
jogues, determined cryoscopically, chemically, or by osmosis, depends on the 
number cf articles and is called the "numerical" mean value of the molecular 
weight M,. According to Kraemer and Lansing ° {7], it may be expressed as a func- 
tion cf-the molecular .weight and of the percentages of the individual constit- 
uents of the mixture of fractions by means - a the following formula: 


where = the weight of the several fractions; end 
tion of thece fractiens in the mixture “Oty 


The viscesimetric method of determining molecular weight of mixture of 
| polymer homolegues depends on the gravimetric ratio of the several fractions, 

the mean value of the molecular weight, the "gravimetric" mean. 
is expressed formula: . 


The constants in for molecular from the 
viscosity of solutions must -be determined by. the investigation of narow frac- 
ticas of the polymer, rather than of the polydispersed mixture, or else the 
nature of the reiationshnip between molecular wéight and solution viscosity must 
be accurately established throughout molecular welghts under in- 
vestigation. 


1f we are eile: with’ a monoai spersed product, both of the means . values 
of molecular weight are equal: 


My = My 
The numerical value is always smaller than the gravimetric. one for a “poly- 
dispersed product, since at the given stage of completion of the reaction, the 
value of M, does not depend upon the polydispersion, whereas M, grows with in- 
creased polydispersion. ‘he greater the difference between the molecular 
weights-of the individual fractions in the mixture M, My, and the 
large’: +e proportion of these fractions in the whole, the greater fiil be the 


ratio Zz 8 : That. is why this ratio mAY be » siddpted as an index or coefficient of 
speygion. 
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We began by checking the correctness of Formulas (III) and (Iv) for the 
mean numerical and gravimetric values of mixtures of poly esters as functions 
of the fractional composition. For this purpose we took Fraction 2 of poly 
ester No. 12 (poly ester 13h)" synthesized from adipic acid and ethylene glycol, 
with a viscosity molecular weight M, = 590 and a carboxyl-group molecular weight 
Mn = 450, and Fraction 2 of poly ester No. 24 (poly ester “42), synthesized 
from adipic acid and decamethylene glycol. The data for poly ester 24, were: 
M, = 5200, M, = 5000. We then determined the molecular weights of the mixtures 
with varying proportions:of these fractions by viscosimetric and chemical 
methods. The test results are listed in Table 1 [the notation used in the 
column headings of Table 1 are those employed in Formulas (III) and (Iv)]. 


TABLE 1 


Composition of 
the mixture, 4% Computed Experimental 
M 


5000 

4600 2540 ‘ 4700 

- 3800 1440 ‘ 3950 
2800 830 2930 810 
1650 580 1790 580 
” 590 450 


As the data in Table 1 indicate, the experimental values are close to 
those computed from Formulas (II{) and (IV). Hence, these formulas can be 
used to compute the variation of the mean values of molecular weight with 
fractional composition. The data of Table 1 are shown in a graph (Fig. 1), 
the customary mode of representing binary mixtures. As the drawing shows, the 
mean molecular weight of a mixture, as determined by its viscosity (M,,) decrea- 
ses linearly with an increase in the percentage of the fraction with low 
molecular weight. On the other hand, the molecular weight as determined by 
the terminal-group method (M,), drops sharply when even a small percentage 
(5-10%) of the fraction with low molecular weight is present. 


This pattern also applies to complex mixtures of poly esters. To illus- 
trate this statement, we cite the data in Table 2, where the experimental and 
computed mean values of My and Mn for complex unfractionated mixtures of poly 
esters are compared for various values of the polydispersion coefficient. The 
data were. taken from our experiments [8]. 


“The viscos ity molecular weight was calculated from measurenents of the specific viscosity of solutions 
of the poly ester in benzene at 20 + ©.029, The solution concentration was 5 to 10 grams per Liter. 


The Staudinger formula (4]n,,/c=Kaqun. where C - the concentration in grams per liter; Kagy = 0. 93-1074 
(for polyesters in benzene); and n - the number of links in the poly ester chain. 


**rhe terminal-group molecular weight was determined by titration of solutions of the poly ester in a 
chloroform-methanol mixture with a 0.02N solution of sodium hydroxide in 60% aqueous methanol. The 


formula used was: Wy = ee where a - the weight of the poly ester mixture; b - the alkali 
consumed (in ml): and k - the correction applied to the alkali titer. 


| 
00 100 0.96 
10 90 1.83 
28.4 71.6 2.93 
50.0 50.0 3.60 
74 26 3.09 | 
100 00 1.31 
| 
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The mean molecular weights of these mixtures listed in Table 2 were com- 
puted from Formulas (III) and (IV) on the basis of experimental data on the de- 
termination of molecular weight of the 
various fractions by viscosimetric, cryo- 
scopic, and chemical methods. As this 
table shows, the discrepancy between the 
experimental and computed values does 
not exceed 10%, i.e., lies within the 
limits of experimental error. 


Thus, determination of the value 


of at for unfractionated poly esters of 
n 


various degrees of polycondensation makes . 
it possible to make an experimental check 
of the extent to which these data agree 
with the distribution theory advanced by 
Flory and Schulz. In fact, if the distri- 
bution of the polycondensation products 
can be expressed by Equation (II), this 
ratio ought to vary with the stage of 
completion of the reaction as follows: [5]: 


100 “oun 
M, 
My = i+p (v) Ye eb 
Fig. 1 

Table 3 gives the mean numerical 
and gravimetric values of the molecular 4 Peeing 
weight of poly esters of various degrees 
of polycondensation found by us. The eS = 
values of My and My , computed from Formula (V), are also listed for the sake 
of comparison. Mn , 


The notation used in the column headings of the table are those used in 
Formulas (II), (III), and (Iv). 


TABLE 2 
Experimental | Computed for Experimental} Computed, for 

nel the mixture - the mixture 
1.66 700 620 420 410 
1.65 930 860 560 600 
1.23 1550 1600 1200 12h0 
1.02 22ho 2080 2240 2300 
1.05 4200 4330 4100 3860 


As seen in the data cited in Table 3, the ratio My/M, for poly esters 
with molecular weights above 2000 is close to unity, but is considerably higher 
for products of low molecular weight. According to Flory's theory, the re- 
verse should be true. This indicates that the actual distribution cannot be ex- 
pressed by Equation (II). It must also be noted that the ‘_polydispersion co- 
efficient e omresses. by the experimentally found ratio M,/My, is close to unity 
in all instances. This indicates that the polycondensation products possess a 
rather low degree of polydispersion. 


| 
aN 


TABLE 3 
Experimental Computed, by Flory's method 
0.78 | 420 700 eo 710 1.78 
0.84 560 930 1.65 © 1000 1.84 
0.93 1250 1550 1.22 2400 1.93 
0.962 |2250 2250 1.00 4400 1.962 
0.965 14080 4300 1.05 8000 1.965 


The poly esters were subdivided into nacrow fractions, differing in 
molecular weight, for a more thorough investigation of the problem of the 
Gegree of polydispersion. Fractionation was effected by fractional precip- 
itation of the poly ester by petroleum ether from a dilute benzene solution 
(1-2%). The isolated fractions were washed with a mixture of benzene and 
petroleum ether, used in the same proportions as in the initial precipitation 
of the poly ester. The temperature was maintained-:constant (20°, +0. 02°) dur- 
ing the precipitation and separation of the fractions [8]. The fractions thus 
isolated were dried in vacuum until their weight remained constant. 


The results of the fractionation of poly esters at various stages of 
completion of the reaction are given in Tables 4,5, and 6. 


The data of Tables 4-6 are shown graphically in Fig. 2 as differential 
curves of the mass distribution of the poly ester molecules. 


TABLE 4 


Mean molecular weight 
By viscosity | by carboxyl|Cryoscopic . . 


Weight of 
fraction, 


Fraction No. 


1 
2 
3 

Unfractionated 

poly ester... 


Computed from 
the aggregate of all the fractions 


For the seke of comparison, Fig. 2 shows the Flory distribution curve 2, 


of polycondensation products, computed in accordance with Equation (1) (Curve 
Iv) for P = 0.962, in addition to the experimental curves. 


Thus, the experimental data given in Tables 4h, 5, and 6, as well as the 
inspection of the curves indicate that the method of fractionation confirms 


the hypothesis that the distribution function differs from that of Equation (II). 


The experimental distribution curve has a more sharply marked maximum 7 ,, 
Ancther characteristic is the absence of any fractions whose molecular weight . 
exceeds the mean value of molecular weight by more than 20% . Our distribution 


* the mean numerical value of molecular weight was detarmined by three parallel methods; oo aaa 
by determining the carboxyl groups, and by computation from the data of elementary analysi 8. 


* “the molecular weights of Fractions 5 and 6 in Tables 4-6 were determined by the cryoscopic method 
alone. 


i 

| = 

1.164 19.4 2200 2210 2870 
‘: 1.194 20.0 1900 2150 1650 
a 2.208 36.8 1520 1740 1470 
1.25% 20.7 1050 1360 1140 
0.18 32 (190) °° (190) ** 190 | 
6.00 100.0 1550 1800 1200 
f 
| 1590 1400 12ho 
| 
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2... 
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I—WNo. 2h; P = 0.965. II—No. 8; P = 0.962. III-—7, P = 0.930. 
IV — Flory curve for P = 0.962. ; in 


curves have sharper maxima at lower degrees of completion of the reaction 


(P = 0.78; 0.84). 


It should be noted that in this case fractionation could te incomplete, 
as the high concentration of carboxyl and hydroxyl groups makes the formation 
ef associated molecules very likely. There is no doubt that a considerable 
number of unreacted initial molecules remain in the reaction mixture when the - 
degree of completion of the reaction is low. For instance, we isolated the 
_. following quartities of adipic acid at various values of P: 


Unreacted acid ‘ 


18.0 
FB 
25 


At P > 0.9 the poly ester dissolves completely in anhydrous benzene in 
the cold, which indicates the absence of unreacted adipic acid in gravimetric- 
ally determined quantities. 


TABLE 5 
Mclecular Weight. end Quantity of Fractions of Poly Ester No. 8 


Weight. of eS Mean molecular weight 
fraction, by viscosity | by carboxyl|Cryoscopic 
method” 
2.1236 2880 3380 "3250 
2, 8523 2350 2700 2600 
1.3923 13.9 1980 2350 2300 
1.2974 13.0 1750 2600 1740 
2.0352 20.4 - 1400 1500° 1340 
0.3 _ {280) (280) 280 
Unfractionated 
poly ester | 10.00 . 100.0 2240 2200 
Computed from 
aggregate of all fractions ......... 1900 1760 


7 
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In our opinion, the formation of fairly homogeneous products with the 
experimentaliy found distribution function in the linear polycondensation of 
‘glycols with dibasic acids and the absence of fractions with very high molecular 
weights in the mixture of polymer homologues might be explained by the fact 
that polycondensation reaction consists of a complex system of equilibrium 
reactions, which might be grouped under the joint. heading "polycondensation 
equilibrium." 


TABLE 6 ; 
Molecular Weight and Quantity of Fractions of Poly Esters No. 24 


Weight of Mean molecular weight 
Fraction No. fraction, by by carboxyl | cryoscopic « 
viscosit groups method - 


1.7641 17. 54.00 4700 
5.3957 . 54. 5000 5200 
0.8926 8. 3100 4650 
1.7193 °* 2260 3500 


Unfractionated 


7 
0.2270 2 (460) (460) 


. poly ester ..} 10.00 100. 4200 4100 
Computed from 
aggregate of all fractions]........ 4330 3860 


We must first admit the possibility that the three following types of. 
poly esters, which differ in the nature of their terminal Groups, may be formed 
Simultaneously: 
H(ORO-COR'CO),,0H (1) 


xHOOCR'COOH + xHOROH = H(ORO-COR'CO),OROH (2) + (2x — 1)H20 (vz) 


where m+n+q+1 =x. 


With equimolecular proportions of the reaction constituents the probab- 
Llity of the formation of products (2) and (3) is identical, which is why 
direct chemical investigation of the nature of the terminal groups always i 
yields an aggregate result, corresponding to product (1). 


With this assumption, the polycondensation reaction ought to obey the 
following equations, which are of a general nature, in addition to the basic 
equation (I). 


1. Paralled reaction of the molecules of the glycol and acid with the 
poly ese chains at the expense of the free functional groups, resulting in ‘ 
gradualiy lengthening the chain. The water evolved in the process of establish- 
ing equilibrium will cause hydrolysis to occur: 


a) H(ORO-COR'CO),OH + HOROH =» H(CRO-COR'CO),OROH + 


H(ORO-COR'CO),,OH + H(ORO-COR'CO) OROH. 


b) H(ORO-COR'CO),OH + HOOCR'COOH == CO) OH + H20 => 


=> H(ORO-COR'CO),,OH + HOOCR'CO(ORO-COR 'CO) ,OH 


“The . fraccions and the unfractionated poly ester No. 24 possess negligible solubility in dioxane 
., and it was therefore imposible to determine their molecular — cryoscopically. 
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“where: m+mn= 


2. Reaction of the initial molecules with poly ester chains of any length 
by the mechanisms of acidolysis and alcoholysis reactions taking place simul- 
taneously, resulting in rupturing the long chains: 


a) H(ORO-COR'CO),OH + HOROH == H(ORO-COR'CO),,OH + H(ORO-COR 'CO),OROH 


VIII 

b) H(ORO-COR'CO),OH + HOOCR'COOH ) 

=> H(GRO-COR'CO)mOH + HOOCR'CO(ORO=COR'CO)n0H, 

where m+n = 
Equations (VII) and (VIII) apply generally, not only to the reaction of 

‘the initial molecules with the poly ester chains, but also to the intermolecular 


reaction of the poly ester chains of any length, as shown in Equations (Ix) 
and (X): . 


H(ORO-COR'CO) OH + H(ORO-COR'CO) H20 + H(ORO-COR'CO) 
== H(ORO-COR'CO),,0H + H(ORO-COR'CO)n0OH x 


H(ORO-COR'CO) ,OH + H(ORO-COR'CO)x'OH == H(ORO-COR'CO),OH + 


x 
+ H(ORO-COR'CO),0H, | ) 


where m+n= x + x’, 


The reactions illustrated by Equations (IX) and (X) take place via acid- 
olysis or alcoholysis reaction mechanisms; they may be termed interchain ex- 
change reactions. 


* At the same time the interchain exchange reaction may occur by way of re- 


esterification, not involving the terminal groups of the polycondensate (Equa- 
tion XI): 


H(ORO-CORTO), — (GRO-CoR' CO) + HO(COR'CO-ORO)y —(CORTO-ORO) gH == 


H(QRO-COR,CO) p_ 4 (ORO-COR CO) ,OH (xr) 
HO (COR' CO-ORO),. (COR' CO~ORO) 


where: DP+q > r+s3; p+r™“qis. 


When the-reaction takes place according to. any of the foregoing patterns, 
the probability of rupturing the longer molecules is much greater, owing to the 


relatively high number “of z=i bonds ,. than the probability of 
rupturing short chains.with fow values of x. 


It should also be noted that the sum of the probabilities of rupture 

' of the poly ester chain somewhere in the middle is much higher than the prob- 
.ability of rupture close to the ends with regeneration of the initial components 
or products of very low molecular weight. When we adopt the reaction mechanism 
of dibasic acids and glycols discussed above, the combination of these factors 
ought to result in the formation of a more monodispersed product than is— 
provided for by current theories. Our experiments corroborate’this thesis. 


The mechanism of polycondensation equilibrium cited above also explains 
fully satisfactorily the processes of acidolysis, alcoholysis and aminolysis 
previously investigated and described [9], and also investigated by Flory P49. 
The mechanism of the reaction of bifunctional groups having any other reactive 
groups should not exhibit any fundamental difference from-the case discussed 
above. ‘ 


| 
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These results are in complete agreement with conjectures proposed by us 
eariier .[i1] on the low degree of polydispersion of the products of linear 


SUMMARY 


1. The mechanism of the linear polycondensation reaction is discussed. 


2. On the basis of previous r~searches by the authors of this paper it 
is shown that the decisive factor governing the properties of the end products 
is the polycondensation equilibrium, which comprises several types of simultan- 
eous reversible substitution reactions. ; 


3. Some of the proposed equations lead to the synthesis of chains of 
higher molecular weight, whereas others involve reactions of acidolygis, alcohol- 
ysis, aminolysis, etc., which facilitate exchange between the qpaine and the 
constant equalization of the chain lengths. 


hk. It is shown that the experimentally plotted curves for the distrib- 
ution of the polycondensation products does rt agree with the conclusions of 
formal statistical "theories". The mass distribution curves for the polycon- 
densation products have sharply marked maxima. 


5. The "polydispersion coefficient'' of the polycondensation products, 
expressed as the ratio of the mean gravimetric and numerical values of the molec- 
ular weight, is not large. 
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SULFONATION AND SULFO ACIDS OF ACIDOPHOBIC COMPOUNDS 
IX. SULFONATION OF 1- AND 2-ACETYLPYRROLE 


A. P. Terentyev and L.' A. Yanovskaya 


The Organic Chemistry Laboratory of Moscow State University 


‘Our previous reports on the sulfonation of pyrrole derivatives [1] 
dealt with various methylated pyrroles, which resinify extremely easily when 
acted upon by acids. Alkyl groups, as we know, reinforce the reactivity of an 
aromatic ring — in the present instance, the pyrrole ring. Thus, sulfo deriv- 
atives of pyrrole and its homologues could be synthesized only by the method 
proposed by us of sulfonating: acidophobic compounds with pyridine sulfotrioxide. 
In the present paper we report the sulfonation of a- and N-acetylpyrrole. The 
acetyl group, Like any other negative group, facilitates the stabilization of 
the pyrrole ring, making it less acidophobic. 


It is noteworthy that a-acetylpyrrole is practically the sole deriva- 
tive of pyrrole that was ever sulfonated before publication of our researches. 
In 1885, Ciamician and Sijber [2] synthesized the monosulfo. acid of 2-acetyl- 
pyrrole, which was isolated and analyzed by these authors as its potassium salt, 
by letting fuming sulfuric acid react with a-acetylpyrrole. The authors give 
almost no information, however, on the properties of this substance, nor did 
‘they determine the point of attachment of the sulfo group. In 1925, B.V.Tronov 
{3 ], in apparent ignorance of the work done by Ciamician and Silber,: sulfonated 
a-acetylpyrxple by heating it to 100° for 15-20 minutes with concentrated sul- 
furic acid. He isolated and anslyzed the sulfo acid as its barium salt. But 
neither did Tronov make a determination of the structure of the synthesized 
monosulfo acid. 


We considered it to be worthwhile to repeat. these researches and to de- 
termine the structure cf the acid that. was formed. Moreover, we believed it 
to be essential to sulfonate 2-acetylpyrrole with the same reagent we used in 
our previous research, i.e., pyridine suifctrioxide. We also effected sulfona- 
tion of l-acetylpyrrole with pyridine sulfotrioxide. 


Our resuits were as follows: 2-acetylpyrrole wes readily sulfonated 
by introducing it into 6%. oleum in the cold. The barium salt was recovered 
with a yield of some 75% of theory by treating the mixture with barium carbon- 
ate. Analysis showed it to be a salt cf a monosulfo acid, which agrees with 
the observations of Cilamician and Silber, and of Tronov as well. 


Structure was determined by oxidizing the sait vith chromic acid in 2 
sulfucic-acid medium. If the sulfo group had occupied tae alpha position, the 
oxidation products should have included a maleinimide. But we found not a trace 
of maleinimide. Treatment of the oxidation products with barium carbonate 
yielded a sal’,, the barium content of which corresponded to monosulfomaleinamic 
acid. This speaks in favor of the sulfonation of 2-acetylpyrrole having taken 
place at the beta position. : 


9591 
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Bulfonation of 2-acetylpyrrole with an excess of pyridine sulfotrioxide 
at 120-130° in a dichloroethane soluticn resulted in the formation of a mix- 
ture of mong- and disulfo acids in an approximately 1:1 ratio and with an over- 
all yield of 55% of theory. The acids were separated as their barium salts; 
the barium salt of the’disulfo acid was precipitated from an aqueous sclution 
by alcohol, whereas the salt of. the monosulfo acid, which is readily soluble 
in a water-alcohol mixture, remained in the filtrate. Oxidation of both salts 
yielded monosulfomaleinamic acid. This indicates that one of the beta posi- 
tions is occupied by a sulf6 group in both of these acids. The best way of 
representing the sulfonation of 2-acetylpyrrole by pryidqéne sulfotrioxide is 
by means of the following diagram: 


S0O3H 
J 


NH 


J. 
SOsH 
or 


NH 


This diagram is based upon the following considerations. $08 : 


1. Rinkes:-[4] found that nitration of a-acetylpyrrole produces a mixture . 
of 4-nitro- and The former isomer is the principal 
reaction product. 


Sulfonation is a reaction that is similar to nitretéton. 


a. Further nitration of the 5 -nitro-2-acetylpyrrolé yields 3,5-dinitro- 
2-acetylpyrrole. When \-nitro-2-acetylpyrrole is nitrated, the acetyl group . 
is replaced by a nitro group. A 4-sulfo acid evidently not prone to further’. 
sulfonation, since the second sulfo group would have to enter the ortho position 
with respect to the first one. On the other hand, a 5-sulfo group (or a 3- 
sulfo group, respectively) does not impede the further entrance of a ‘second 
sulfo group in the meta position. ° 


3. Lastly, the high solubility of the barium salt of disulfuacetylpyrrole 
indicates that the sulfo groups are not in the ortho position toward each other. 
As a rule, disulfo acids with adjacent suifo groups have barium salts that are 
rather insoluble. We find this to be true, in particular, of 2,5-dimethyl- 
pyrroledisulfonic-(3, 4) and 1,2,5- trimethylpyrroledisulfonic acids. 


Our endeavor to sulfonate l-acetylpyrrole with fuming sulfuric acid was 
fruitless. This isomer polymerized completely to a red tar, even when chilled. 
Probably, the acetyl group is split off when oleum is used for sulfon ation, 
the pyrrole that is formed polymerizing naturally 


Sulfonation of l-acetylpyrrole with yieided a 
mixture of two disulfo acids. As yet, we have been unable to separate these 
acids completely. Oxidation of a mixture of their salts with chromic acid in 
a sulfuric-acid medium yielded N-acetylmaleinimide, which was identical with 
the synthetic preparation produced by oxidation of pure l-acetylpyrrole, 


Jae 
> 
; 


together with an acid containing sulfur and nitrogen, its barium and nitrogen 
content corresponding to N acetylmonosulfomaleinamic acid. With this as a basis, 
we assign the structure of l-acetylpyrroledisulfonic-(2,5) acid to one of these 
acids, and l-acetylpyrroledisulfonic-(2,4) acid as the most probable structure 
of the other acid. The high solubility of the barium salt of the disulfo acid 
leads us to exclude an ortho position for the sulfo groups. Whence, the fol- 
lowing sulfonation diagram is the likely one: 


HO3S 


_ NCOCH3 


EXPERIMENTAL 


Sulfonation of a-Acetyl ole with Oleum 


The initial. 2-acetylpyrrole was prepared by reacting acetyl chloride with 
pyrrolemagnesium bromide (by the method proposed by Adkins and Wolff [5], who 
improved the method of B. Oddo somewhat). 


1.3 g of 2-acetylpyrrole was dissolved in 25 ml of 6% oleum. The solu- 
tion was poured into water, neutralized with barium carbonate, and filtered 
to remove the precipitated barium sulfate. The filtrate yielded 2.3 g of the 
barium salt, or a 75% yield, based on the initial 2-acetylpyrrole. The salt 
is readily soluble in water, decolorizes bromine water, evclving BaSO,, and is 
hydrolyzed by boiling; with 15% hydrochloric acid, evolving sulfur dioxide. 
Analysis showed it to be a salt of a mondsulfo acid. 


5.382 mg substance: 2.4353 mg BaSQ, 
5.895 mg substance: 2.664 mg BaSO,. 
Found %: Ba 26.60, 26.58. 
(CeHs04SN)oBa. Calculated %: Ba 26.71. . 


Oxidation of the barium salt. 0.6 g of the barium salt of 2-acetylpyrrole- 
sulfonic acid was treated with a mixture of 1 g of Cr03, 1.3 ml of concentrated 
sulfuric acid, and _5 ml of water for 20 minutes at 50-60°, and the mixture was 
set aside to stand at room temperature cvernight. 


Not even a trace of the maleinimide could be extracted from the reaction 
mixture by ether. The aqreons ccluticn was with barium carbenatc, 
end the slitrate evaporated. An acid containing sulfur and nitrogen was re- 


covered. Its barium content indicates it is sulfomaleinamic acid. 


6.308 mg substance: 4.880 mg BaSQ.. 
4.459 mg substance: 2.744 mg BaSO,. 
Found %: Ba 41.61, 41.65. 
Calculated %: Ba 41.52. 


Suifonation of a-Acetylpyrrole by Pyridine Sulfotrioxide 


1.09 g of 2-acetylpyrrole dissolved in dichloroethane was heated for 8 hours 
to 100° with 4.77 g of (1:3) pyridine sulfotrioxide, and then for another 3 hours 
at 120-4%30°. The dichloroethane was poured off and evaporated; it was found to 
contain only traces of unreacted 2-acetylpyrrole. The residual mass was treated 
with an aqueous suspension of barium carbonate, evaporated to dryness and ex- 
tracted with boiling water. The aqueous extract was evaporated to small volume 
and precipitated with alcohol. This yielded 1.2 g of a salt (Fraction ‘3. which 


| RCOCHs NCOCHs 


proved tc be a disulfo acid upon analysis. 


Analysis of Fract.ion 1 


4.313 mg substance: 2.466 mg BaSO,. 
10.092 mg substance: 5.633 mg BaSO,. 
Found %: Ba 33.65, 33.85. 

CeH:0-SpNBa. Calculated Ba 33.74. 


Oxidation of the barium salt of the disulfo acid. Oxidation was effected 
as in the previous instance. 


3.599 mg substance: 2.549 mg BaSO,. 
3.257 mg substance: 2.328 mg BaSO,. 
Found %: Ba 42.06, 41.68. 
C4Ha0¢SNBa. Calculated %: Ba 41.52. 


0.7 g cf a salt, (Fraction 2) was precipitated from alcohol after re- 
moval of the crystals of Fraction 13 its analysis showed it to be a monosulfo 
acid. 


Analysis of Fraction 2 


2.467 mg substance: 1.065 mg BaSO,. 
‘ Found $: Ba 25.40 
Calculated $: Ba 24.95. 


Oxidation of the barium salt of the monosulfo acid. 0.1 g of the barium 
salt was mixed together with 0.17 g of CrOs, 0.3 g of concentrated sulfuric 
acid, and 25 ml of water at 50-60°. The mixture was kept at that temperature 
for 20 minutes. The next day it was extracted with ether. Nothing was found 
in the ether extract. An acid containing sulfur and nitrogen was recovered 
from the water after neutralization with barium carbonate. Analysis indicated 
that the substance was the barium salt of sulfomaleinamic acid. 


6.781. mg substance: 4.805 mg BaSO, 
34.976 mg substance: 2.790 mg BaSO,. 
Found $: Ba 41.73, 41.29. 
C4H306NSBa. Calculated Ba 41.52. 


Sulfonation of N-Acetylpyrrole 


The N-acetylpyrrole was prepared by the method outlined by Ciamician and 
Dennstedt [6]. 


B.p. 179-181° (at 763 mm); dg? 1.044; 1.5090; MRp 31.20. 
CsHyON. Calculated MRp 30.69. 


1.5 g N-acetylpyrrole dissoived in dichloroethane was heated with pyri- 
dine sulfotrioxide for 5 hours te 100° and for another 6 hours at 110-120°. 
The sulfo mass was treated with an agueous suspension of barium carbonate, 
evaporated to dryness, and extracted with hot water. The extract was evapor- 
ated 4.0 small volume over a water bath and then precipitated with alcohol. 
This yieided 1.45 g cf a salt (Fraction 1). Another 1.55 g of a salt (Fraction 
2) was precipitated from the alcohol with ether. Analysis for barium and © 
nitrogen indicated that both fractions corresponded to a disulfo acid of N- . 
acetylpyrrale. 

Fraction 1 5.247 mg substance: 3.030 mg BaS0O,. 
10.676 mg substance: 6.179 mg BaS0,q. 
Found 4: Ba 33.98, 35.89. 
Cel Calculated $: Ba 33.74. 


Praction 2 3.354 mg substance: 1.973 mg BaSO,. 
4.352 mg substance: 2.555 mg BaSO,. 
Found $: Ba 34.62, 34.58. 
CeH;07SoNBa. Calculated Ba 33.74. 
5.099 mg substance: 0.242 ml Np (20°, 728 mm). 
Found 5.48. 
CeH;07S2NBa. Calculated $: N 5.30. 


Oxidation of the mixture of barium saits of N-acetylpyrroledisulfonic 
acid. 0.5 g of the barium salt was combined with a mixture of 1 g of Cr0O, 


and 1.3 ml of concentrated sulfuric acid at 50-60°; the mixture was then kept 
at that temperature for 20 minutes. The next day it was extracted ten times 
with a small amount of ether. The ether extract was desiccated over anhydrous 
sodium sulfate and fused sodium hydroxide. The residue after the ether had 
been evaporated consisted of white, easily fusible crystals, with am.p. of 5° 
The crystals were N-acetylmaleinimide apparently. To confirm this, 1 g of N- 
acetylpyrrole was oxidized as above. Extraction with ether actually yielded 
white needles with a m.p. of 54°. A mixed test sample exhibited no depression. 
Thus, the presence of barium N-acetylpyrroledisulfonate-(2,5) in the initial 
product undergoing oxidation may be considered as proven. © 


The aqueous solution was neutralized with barium carbonate. “A crystalline 
salt containing sulfur and nitrogen was recovered from the filtrate by evapora- 
tion. 


8.217 mg substance: 5.180 mg BaSO,. 
7.477 mg substance: 4.694 mg BaSO,. 
Found %: Ba 37.10, 36.94. 
CeH;0;SNBa. Calculated %: Ba 36.87. 
' 5.597 mg substance: 0.190 ml No (25°, 749 mm). 
Found %: N 3.83. 
Calculated %: N 3.73. 


The barium and nitrogen analysis corresponds to the barium salt of N-acet- 
yilsulfomaleinamic acid. 


SUMMARY 
l. 1l=- and 2-acetylpyrrole have been sulfonated with pyridine sulfotrioxide. 


2. It has been shown that sulfonation of l-acetylpyrrole yields a mixture 
of two disulfo acids: l-acetylpyrroledisulfonic-(2,5) acid and l-acetylpyrrole- 
disulfonic-(2,4) acid. | 


3. It has been shown that sulfonation of 2-acetypyrrole yields 2-acetyl- 
pyrrolesulfonic-(4) acid and 2-acetylpyrroledisulfonic-(5,5) acid. These acids 
were isolated and separated as theix barium salts. 


4. It has-been shown that sulfonation of Q-acetylpyrrole with 6% oleum 
yields 2-acetyipyrrolesulfonic-(4) acid. 
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THE STRUCTURE OF LEDOL 


N. P. Kiryalov 


Chemical Laboratory of ths Division of Natural Resources cf 
the V.L.Komaroy Botanical Institute of the USSR Academy of 
| Sciences 


Although ledol has been the object of research by many Russian and 
foreign scientists for more than 100 years, among them: Ivanov [1], Ritsa [2], 
Trapp [4], Grassmann [cf. 2], Hyelt [5,6], Semmler [7], and Komppa [9,10], we 
still have no clear notion of its structure. 


Grassmann was the first to discover ledol in 1831, in the essential oil 
of the marsh tee Ledum palustre L. (family Ericaceae), and for a long time the 
marsh tea was the sole source of this substance, until Hasenfratz [8] discov- 
ered ledol in 1924 in the leaves of Sphacele parviflora L. (Family Labiatae). 


 B. Ritsa.[2], who worked in the academic laboratory of A.M.Butlerov, was 
_the first to establish the correct empirical formula of ledol, Cys5Hp3g0; Ritsa's 
formula was subsequently confirmed by Hyelt and other research workers, various 
formulas, inexact on the whole, having teen given for Ledol prior to Ritsa's 
investigations. The following specific characteristics of ledol have been known 
for a long time. . 


1) Ledol readily splits off water, forming a hydrocarbon, when heated 
with: a) acetic anhydride (Ritsa) or b) 50% sulfuric acid (Hyelt), or c) when 
acted upon by phosphorus pentoxide (Ivanov), which may possibly be due to the 
tertiary position of the hydroxyl group, though no direct experiments to 
prove the presence of an alcohol group were made. 


2) Ledol does not add bramine in an ether solution (Lomidze [3]), nor 
does it react with permanganate (Hyelt), from which it was concluded that — 
ledol is a saturated compound. ia 


After a series of investigations during the nineteenth century, devoted 
to ascertaining the composition and properties of ledol, Semmler and Mayer 
{v7] made an effort to establish at least the number of tings ledol has. De- 
termination of its specific gravity, refractive index, and molecular refraction 
led the authors to conclude that ledol is a bicyclic compound. Doubt was cast 
upon Senmmler's and Mayer's conclusion, however, after the work done by Komppa 
[9], and subsequently by Komppa and Nymann [10], who came to the conclusion 
that ledol has a tricyclic structure. As proof of its tricyclic structure, 
evidence was found confirming the absence of double bonds in ledol (such as, 
the synthesis of the hydrocarben ledene, with the composition C,-Hp, and one 
double bond, when ledol was dehydrated, or the splitting off of water and the 
formation of dehydroledene when ledol was hydrogenated), whereas ledol should 
have one double bond, if the bicyclic structure advanced by Semmler and Mayer 
were correct. This contradiction and several considerations of a theoretical 
and practital nature convinced me of the need for making an experimental in- 
vestigation of some of the unclear factors in the chemistry of ledol. Estab- 
lishing the nature and properties of the products of the dehydration of ledol 
might not only aid in elucidating its structure, but would also affect further 


| 


study of the group of sesquiterpene compounds, especially tricyclic cones. 


The ledzi used in cur reseerch was prepared by freezing the essential 
oil of marsh tea (Ledum palustre L.). The corresponding oii was obtained 
by vteam-distiliing leaves of marsh tea, ccliected in uly 1947 in the environs 
of Leningrad (near the Kuzmclove ~ailroad staticn). 


This ledcl had a campesition close to that of Cy-Bao50 and am.p. of 105- 
106.5°; it did not react with potassium permangacate tn acetone solution, nor 
did it decolorize bromine in chiaroform. Thus it did nct differ from the 
samples of ledol prepared and described previously. . 


The acticn of 90% formic acid or 5% aicoholic suifuric acid upon ledol 
readiiy gave rise to hydrocarbons possessing ditferert properties. Thus, heat- 
ing ledol with formic acid produces a bicyclic hydrocarbon with two double bonds, 
which I have named teddiene, with a composition of C,-Ho,. The properties of 
leddiene are: . d32 0.9039; nfP..4971; aly +35-6°3 MRp 96.06. 


On the other hard, heating ledol with 5% alcoholic sulfuric acid yields 
the tricyclic hydrcecarbdon iedene, with one double bond and the composition 
CysHo4, having an MRp of 64.45. After distillation over sodium, ledene had. 
the foilowing properties: d35 0.9278; np? 2.5005; af® + 48.435°. The specific 
gravity this hydrocarbon was close to that of Ritsa's hydrocerbon 0.9237; - 
a° 0,93k9 


These recults allow cf two interpretations. If we accept ledol as a bi- 
cyclic compound (in accordance with Semmler and Mayer), the results of the de- 
hydretion of iedoi. with 5% sulfuric acid in an alcohol medium may be explained 
as due to the fact that the sulfuric acid not only removes the water, but can 
also isomerize one of the dcuhie bonds of iedol or ledene into a third ring. 


If we believe that jedel is a tricyclic compound, it must be assumed 
that, 90% formic acid is net only a dehydrating agent, but also possesses the 
ability to 1iscmerize the tricyciic compound to a bicyclic one, producing an 
additional dowbie bond in the latter. The latter conjecture was.confirmed 
by exreriment. When ledene was hested with formic acid, it was easily con-. .a 
verted inta leddiene. ; 


Thus cur dehydrarion experiments indicate that ledol and ledene have a 
tricyclic stzucture, cne cf the rings in both of these substances being un- 
stable and subject ta rearrangement under the action cf formic acid to yield 
a bicyclic hydrocarbon with two double bonds. / | 


The hydracarbers ledere and !eddiene synthesized by the dehydration of 
fedo. were dehydrogenated by heating them with seleniuzs it is worthy of note 
that the isolated C)- azu.enes immediately formed dark, acicular picrates, 
fusing at 121-122°, when treated with picric acid. The recrystallized pic- 
rates exhibited no Gepressicn ix mixed test samptes, f.e., they were iden- 
ticai with one encther. In this present instance, what is of interest is 

tedene is dehydrogenated 
(Kommpa obtained an azuiene by dehydrogenating ledene as leng ago as 1933 
and in 1G41 Nymann and Vikande [ii] demonstrated the feasibility of synthesiz- 
ing even two differen’ azulenes from a single initial ledene), but the fact 
that tricyclic ledese and bicyclic leddiene yield identical azhlenes (absence 
of depression in test samples of the mixed picrates}. It 4s possible that the 
identity of the avu.enes is due to the fact that one of the rings of ledene 
is uns*abie rot only with seapect to formic acid. but alse to heet, and hence 
unéergoes change during dehyd-ogeration, forming a picyciic campound of the 
leddiese type. This exp.anation is partialiy confirmed by the circumstance 


& 
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that the ledene that does not react during selenium dehydrogenation has its 
specific gravity reduced, approaching that of leddiene; a drop in the specific 
gravity of ledene is likewise observed when the latter is distilled under at- 


mospheric pressure or even in vacuum. ni 
In conclusion, let us deal with the problem of the carbon skeleton of 


ledol. 


Komppa, as well as Komppa and Mymann, asserted that ledol has three 
rings, two of which were six-membered and one cyclopropanic. The latter is 
lecated either within or outside one of the six-membered rings. This hypothesis 
was based upon the synthesis of a naphthalene derivative (cadalene) and an 
azulene when ledene was dehydrogenated for a long time (38 hours) at 300°. 


The cadalene found by Komppa among the products of the dehydrogenation 
of ledene-was nevertheless not a convincing proof of the presence of two six- 
membered rings in ledene or ledoi, since the azulenes could be isomerized to 
naphthalene derivatives under high temperature for 38 hours. Thus, for ex- 
ample, Heilbronner and Wieland [12] report that the simplest azulene, CioHg, 
is rearranged into its isomer, naphthalene, when heated to 270° and higher: 
A very.large quantity of naphthalene is formed when the azulene is heated to 
330° for 48 hours.’ 


In our experiments on the dehydrogenation of ledene and leddiene, no 
naphthalene derivatives (such as cadalene) were found in either case after 
4 hours, whereas azulene, with a composition of C;=H,a, always appeared as 
soon as the hydrocarbon was heated with selenium, though in a yield that did 
not exceed 10%. We found the substances that did not react with selenium to 
be close to the initial hydrocarbon; they again yielded azulene when rede- | 
hydrogenated. 


The results of our experiments on the dehydrogenation of ledene and led- 
diene justify the assumption that ledol has the basic skeleton of an azulene 
(a combination of five- and six-membered rings). Our research is being con- 
tinued. 


EXPER IMENTAL 


Synthesis and Properties of Ledol 


The essential oil of marsh tea (Ledum palustre L.) was produced by dis- 
tilling freshly chopped leaves of the plant for two hours with steam. 


The yield of the oil was 0.7%. but exceeded 1% at times. The oil was 


Jellylike at 12-14° and almost solidified at -20°. A considerable portion of 

the ledol in the oil could be separated by suction, but nearly complete separ- 
ation of the ledol. required fractional distillation of the oil and freezing of 
the higher-boiling fractions. 


Repeated recrystallization of the crude ledol from ethyl alcohol yielded 
snow-white needles of various sizes, possessing a m.p. of 105-106.5°. 


The yield of ledol from the oil was 8-10%. In its pure state ledol has 
no odor. 


0.1403 g substance: 0.4169 g COs; 0.1480 g H50. 
0.1373 g substance: 0.4082 g COs; 0.1457 
... Found $2: 81.04, 81.08; H 11.72. 11.78.. 
Calculated $:°C 81. 08: 71. 


Tserevitnikov hydroxyl determination (xylene as aatvent) . 
0.1406 g substance: 13.55 mi CHy.(0°, 760 
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The ledol had-only slight optical activity: ca}f +0.5°°(_in'a 10%...) 
alcohol solution), whence [L]47 +5°. (According to Hyelt [L]p +7.98°). The 
stability of ledol toward alkalies was: shown by heating it (1 g) for 3-4 hours 
over a water bath with a 5% alcoholic solution of KOH (10 ml). The ledol was 
recovered unchanged after this heating (no depression when mixed with the 


Heating ledol with acids in aqueous or alcoholic solutions (such as 
dilute sulfuric or hyérochloric, or glacial acetic and 90% formic acids) demon- 
strated the instability of ledol toward acids. As a rule, ledol is not re- 
covered, a noncrystalline liquid substance being formed. 


The ledol (0.5 g) was quite stable when acted upon by a solution of 
potassium permanganate (0.5 g) in acetone: (15 ml). Practically no KMn0,4 was 
consumed during this oxidation, and the ledol was recovered unchanged (no 
depression when mixed with the original ledol). Nor is ledol oxidized when 
titrated with benzoyl peroxide (0.15N) in chloroform solution. After 20 hours 

‘ the titer of the perbenzoic acid remained unchanged. 


When a solution of bromine in chloroform was allowed to act upon a chloro- 
form solution of ledol, the bluish-violet color’ that is typical of substances 
with an azulene carbon skeleton did not appear, nor was the bromine decolor- 
ized; but the bluish-violet color of the solution is readily observed if the 

~ reaction is effected in an acetic-acid medium instead of in a chloroform 
solution. 


ary Dehydration of Ledol by Formic Acid. Synthesis of Leddiene. 


9.5 k of ledol was mixed with 15 ml of 90% formic acid and heated to 
gentle boiling for 15 minutes. The colored reaction mixture, in two layers, 
was chilled and diluted with water (50 ml). The oily layer was separated 
in a separating funnel, washed with water. and a dilute soda solution, and 


This yielded 8.4 m1 of a slightly colored liquid with the following 
+ The oil became completely colorless after one distil’ ation over Na and 


two distillations without Na. The properties of the redistilled oil were 
practically identical with those listed above: 


B.p. 103-106° .:(3 mm); 438 0.9039; n5° 1.4971; af” +35.6° ( in a tube 
2.5 cm long + 8.9°). 
| "0.1760. g substance: 0.5688 g 0.1875 g 


whe Found %: C 88.14; H 11.83. 

Calculated %: C 82.23; H 11.77. 
Found : MRp 66.06. 

CisHog Fa. Calculated +: MRp 66.136. 


When treated with bromine in a chloroform and acetic acid solution the 
synthesized hydrocarbon, leddiene, turns the solution an intense violet. 
Leddiene is soluble in most of $he usual solvents, but it is practically in- 
soluble in water, and only slightly soluble in ethyl alcohol. 


Dehydrogenation of Leddiene 


2 g of selenium was added to 2.5 g of leddiene, and the mixture was a 
heated to a gentle boil for four hours. The mixture turned an intense violet. 
After cooling, the mixture was steam distilled. The recovered oil was ex- 
tracted with low-boiling gasoline (60-90°), the gasoline solution turning 
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4, 
violet. The gasoline solution became nearly colorless after it had been shaken 
up 2 or 3 times with 50% HoSO4 (10 ml of the acid being used each time), the 
sulfuric-acid extracts being colored a brownish-red. Five times its own volume 
of cold water was added to the sulfuric-acid extract, and the mixture was ex- 
tracted with freshly prepared ethyl ether until new batches of the ether no 
longer turned violet in cotor. The ether soluticn was dried with Glauber salt, 
the ether driven off, and a solution of 0.2 g of picric acid in 2 ml of absolute 
alcohol added to the approximately 0.2 g of residue -- a violet-colored oil. A 
continuously solidified picrate (dark needles) formed at. cnce. 


The picrate was recrystallized from alcohol; after a second recrystalliz- 
ation it had the constant m.p. of 121-122°. 


The picrate of the leddiene's azulene causes no depression when mixed 
with a picrate of the azulene synthesized by dehydrogenating the high~boiling 
fraction of the essential o1l of the roots of Ferula pyramidata Eug. Kor. As 
the azulene from the essential oil has the formula C,5Eig according to analysis, 
the azulene from leddiene must be assigned the same constitution. After the 
azulene had been eliminated, the oil remaining in the gasoline solution was re- 
covered by driving off the gasoline and steam distilling the residue. she 
nearly colorless ei]. that was recovered had the following constants: d38 0.9027; 
np 1.4935; i.e, constants that were close to those of the initial leddiene. . 
Repeated dehydrogenation of the unreacted leddiene again yielded a small amount 
of the azulene as before, which yielded the same picrate m-p. (121-122°), 


Dehydration of Ledol with 5% Sulfuric Acid. Syathesis of Ledene 


5 g@ of ledol was dissolved in 18 mi of absolute ethyl alcohol, and 3 ml 
of an alcoholic solution of sulfuric acid, consisting of 2 ml of absolute alco- 
hol and 1 ml of HoSO, (sp. gr. i.64), was added to the solution. The trans- 
parent mixture was heated for a few minutes over a water bath until it turned 
cloudy and separated into two layers. Then 100 ml of water was added to the 
cooled mixture, the oil was extracted by agitating the mixture with ethyl 
ether, the ethe® was driven off, end the residue was steam distilled. This yielded 
h, 32 ml of a colorless liquid -- ledene, which had the following properties: 
0.9315; np? 1.5002. MRp 64.46. CisHorF Calculated: MRp 64.40. 


Redistijlation over Na yieided a liquid with properties that. were only 
slightiay different: 
B.p. 110-113° (3 mm); 438 0.9278; 1.5005; + 48, 43°, 


0.1024 g substance: 8¢g 0.1092 g 
Found 4%: C "87. 83; H 11.85. 
CysHoq- Calculated 4: C 68.23; H 11.77. 


The ledene recovered after redistillation over sodium had a a 
mclecuiar ~efraction that that which had not beer redistilled: 


Found: MRp 64.72. 
Calculated: My 64.403, 
CynHoa Fo. Calculated: MRp 66. 13. 


The solution is colared violet almost instantaneously when a few drops 
of a dilute solution of bromine in: chloroform or acetic acid are added to the 
ccexresponding solution of tedene. 

Dehydrogenetion of Ledene 


1.5 g of ledene was mixed with 1.5 g of selenium, and the mixture was 
heated to a gentle boil for 4 hours. The liquid, which was an intense violet 
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in color, was extracted with low-boiling endian (50-70°), and the solution 

was then steam distilled. The gasoline solution was then shaken up with 90% . 
phosphoric acid until the gasoline layer lost its color, ten: times its own vol- 
ume of water was added to the phosphoric-acid solution, and the azulene that 
separated out was extracted with freshly distilled ethyl ether. The ether ex- 
tract was dried with Glauber salt, the ether was driven off, and the residue 

of 0.1 g was dissolved in 0.5 ml of absolute alcohol. Adding 0.1 g of picric 
acid dissolved in 0.5 ml of alcohol to the solution thus obtained ylelded the 
picrate as dark needles. M.p. 121-122° (from alcohol). This picrate caused 

no depression when mixed with the picrate of azulene prepared by dehydrogenating 
leddiene. After the azulene had been extracted from the gasoline solution, a 
nearly colorless oil was found in the gasoline; it was easily separated by 
driving the grsoline off over a boiling water bath. The . oil was bar steam dis- 
tilled (yield = 1.1 mi); its b.p. was 78-111° (3 mm); 438 0.9096; n° 1. gah, 
which does not bear out the assumption that cadalene is present in the oil. 

When the oil was again with it azulene again. 


of 90% Formic Keita: on Lédéne. - “Synthesis of Léddiene. 


a 4g of ledene was mixed with 5 ml of 90% formic acid and then heated to 
a gentle boil. The mixture turned blue™ and then red, and changed from a two- 
layer mixture to a homogeneous one toward’ ‘the: end of. the reaction. Within 15 
minutes the mixture was cooled and diluted with’ water until’ the layers clearly 
separated, and the upper oily layer removed in a separating funnel, washed with 
water and a dilute soda solution, and steam distilled. This yielded 1.2 ml of 
a colorless, mobile liquid, whose properties resembled those of leddiene after 
it had been desiccated with Glauber salt. 


B.p. 101-105° (3 mm); 458 0.9038; nj? 1.4975. MRp 66.05. 
CisHoa Pa. Calculated: MRp 66.136. 


0.1124 g substance: 23 0.1191 g 
Found %: 
CysHo4- Calculated $: 


Thus, this synthesized hydrocarbon does not differ in its properties or 
composition from the leddiene previously described. 


SUMMARY 


1. Ledol was found to behave differently toward acids: 


a) Dehydration of ledol, Cy;Hog0, with a m.p. of 105-106.5°, by 56 sulfuric 
acid in absolute ethyl alcohol. causes the formation of the hydrocarbon ledene, 


Cy\;Ha,, with properties that. correspond to those of a tricyclic hydrocarbon with 
a single double bond; 


b) Dehydration of ledol by 90% formic acid leads to the foruation of the 
hydrocarbon leddiene, C,-Ha4, with properties that correspond to those of a ~ 
bicyclic hydrocarbon with two double bonds. 


@. Like ledol, the hydrocarbon ledene is converted to leddiene by the 
action of 90% formic acid. 


3. When ledene and ieddiene are dehydrogenated by selenium, they form 
the same hydrocarbon of the azulene series, with the composition CisHys, which 
forms a picrate with a m.p. of 121-122°. 


4, Experimental results indicate that ledol is a tricyclic tertiary 
alcohol, which may be classed as a derivative of the azulene series. 
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